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Amportant results of Soviet worh on radlochemiotry carrle

by Visw,I, Spitsyn
2ondsninadan; Director of the Institute of Physical ' é
Chemistry, Academy of Sciences of the USSR;

‘Professor of the Lomonosov State University, Moscow

Extensive development of research in radiochemistry @
all over the world is stimulape& by the steadily growing L
use of atomic power, by the rapidly increaging production.'
of fissionable materials and by the sugzessful application
of radioactive isotopes in different fields of science
and technology.

In tﬁis courtry a vast program for iig c&ﬁstruction“”‘:?

e

of electric stations on abomic power is Eeuﬂg carried $hto

effect. According to thé seven-year plan fgp the éevelop- -
ment of navioual economy in 1959-1965 the indusirial use
of atomic energy is o be extended considerably. And the
chemistry of radicactive elements has been an inteesively{ ;=
studied field, too, | :

[In fact, the investigation of radiocactive substances

has been a tradition with Russian science. It was begun
soon after the discovery of radivactive phenomena and re;'
ceived specialiimpetus in the forties of this century,
when the new practical possibili" 4 opened up by the

fisgion of uranium became ev1dent J

Barly in l958[}he author of this paperﬂﬁad a priviled

e b e o ey g

¢ to report to the 4merican Atomic Congress in Chicago
dinvlgpni .
on the[status’of radlochemlcal research in the USSR ( ).

The presept review contalns information about the most . "
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vocryStatlization and adsorption remain very impor-
tant processes when radloactlve elements are isolated g
‘from dilute solutions. w2059ﬁ- :ﬁ;
As established by EKhlopin and his school (2 2, 4), ;
the *distribution of microscopic guantities of an 1somor—;;
phous substance between the solid| crystalline and liguid”
phases obeys the following law:
X _L_JY) -D. - . vl
’ ‘

(1 - x) y

where x and (1-x) are microcomponent ratios in the solid

and liquid medium; y and (1-y) are the respective macro-

component ratios; D is the fractionation coefficient,

In other words, van't Hoff's theory for dilute solutibns
1s applicable to the case where isomorphous mixtures{
representing dilute solid solutions|are forméd; InAthis .
case the distribution of an electrolyte in a state of ext-.
reme dilutioanetweeh the solid crystalline phase and the
liquid phase‘is aﬁalogous to the distribution of a dis-
solved substance between &two immiscible liquid solvents,
which is known to obey Berthelot—Nernst law,

The fractionation coefficient, D, is a constant vadue
Eéuantity, independent of either the microcomponent concen- ?

puesfrilelta

tration in the solution or tne amount of solid phase liber ..
ated from the latter, |provided that the precipitate and
the solution are in equilibrium and that the chemical com—.ﬁl
pounds presenﬁ in the liguid and solid phases have the

Same composition,
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What has been just stated here lhas been_confirmed
"by a thorough study of more than 30 systems of true
iso%grphous substances, viz., BaClz-RaGlz-Hao;
Ba(NOa)a—Ra(NO )2—H20; Ba(NOa)2-Ra(NO3)2-HN03-H20;
BaCroq—RaCroq-HzO, U(804)2—UX1(804)2—H2804-H20;

3 NazTe-NazPo—Heo and others,.’

For the isomorphism of second kind (Grimm's mixed
crystals) the lower limit of miscibility has been estab—
lished: the microcomponent begins entering the macrocompo-f,

nent crystals,if its concentration attains a certain mini-

~mum (above 1072 - 10"6%)puff1c1ent for the mlcrocompﬁfentl

A W prépuce _
to build its own crystal lattice. In this caseVtne isolated

crystals have a mosaic structure. The ex1stence of a lower
miscibility limit has been borne out by the resuits obtain-:
ed 1n investigating a number of'systems; viz., KClO4-RaSO4;\V
KClO4—Pb(RaR%SOﬁ% 4Z§f§24’ ?eibzzpers.

ForYénomalous mixed crystals/tooﬂ%he lower niscibility
1limit has been stated in several different instances,’ v1z.,';
systems-NHacl—FeOla-HEO; NHQCl—Mn012-H20; Ba(NOB)Zumethyl-pi
ene blue; and others. It has been foundlthat with certain 3
microcomponent concentrations|a true stable equilibrium
between these‘érystals and the solution is possible, in
accordance with Khlopin's law (5);

Khlopin's investigations have shown that in the case
of isomorphous substitutions crystals become homogeneous
through a long recrystallization of the p;ecipitéte in the
saturated solution ahd also when the crystals of mactocom~ ..

ponent are precipitated from a supersaturated solution by

rapid mechanical stirring.

e | e Sty Ay
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1v 1s well U0 note tnat the latbter technique (the
3
lsothermal breakdown of supersaturation) led in several

experiments of different authors to an non-homogeneous

distribution of thne microcomponent in crystal layers, obé}

inz Doerner-Hoskins's logarithmic law ( ):

a___ b =
In a - % H ln—-—-5—_—y—— l

where a and b are the amounts of micro~ and micro=compo-
rladeon
ment in solytion before thelflberatlugjof the solid phase;

s
(a-x) and (b-y) are the respective amounts after (libera-)

[Fioﬂ; ,k is the fractionatioan coefficient.
The work done by Khlopin and collaborators was of
gregt value in principle, but the mechanism underlying

the formation of anomalous mixed crystals was not brought -

to light and the application of the distribution law to

systems containing crystals of mosaic structure was rather
formal. The nature of the internal adsorption systems
described by Hahn (7) was not explained either,

Soviet radiochemists have done muchito develop re-
search on the line initiated by Khlopih; In recent years

they have secured abundant experimental evidence in sup—

port of his conclusions. From these data it is evident
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at the same time thet in the case of .anomalous mixed

crystals and intGeranal adsorption sﬁstems|cocrystallization

phenomena are & matter of greap complexity.
Grebenschikova and collaborators (8) have shown

that on isothermal breakdown of supersaturation in

QR A= TEPRT P
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solutions the distribubion ofméhe microcomponent can fol- g
low both Xhlopin's linear law and the logarithmic formula
of D&?ﬁer—Hoskins. Undgr constant.conditions of experi-
ments the behaviour of the microcomponent depends on the; -
solubility of the precipitate, on its ability to give _
supersaturated solutions, on the relative rate of crystal -
- growth and on other factors. To put system K2804-Ce2(804%"
- HNOB—ﬁaO as an exanple, a very good coincidence with _

Ehlopin's law was observed (D = const) when HNOB'was a

1.5 N solution, whereas with an 0.5 N solution of HNO3
Db%her—ﬁoskins's law was followed ( A = const). The solu—i. 
bility of the double salt precipitate is considerably
higher in 1.5 i HNO3 than in 0f5 N HN05, which makes.its
recrystglllization easier.

In studying the coprecipitation of Am3+, La5+ and
Ce3+ with K2804 it was found that anomalous mixed Crys—
w. tals having no lower solubiiity limit are formed in the
™ | K,80,-La,(50,,)5-0. 5%&N03, K,80,~Ce,(80,) 0. 5!(%1\103 and

K2804—Am2(so4)5-0.5/ﬁN03 systems. La2t, Ce>* and amd* o
are distributed within the K2804 crystals according to a .
logarithmic law with constant A values,]which are dis- :
tinct for eacﬁ of the microcomponents, viz.,-A.Ce_= 15,
l La = 17 and l Am: 42. These wvalues of A do not
change when the respective elements are present together.
- Foreign ions (Fe3+, A15+,‘Bi5+) have no effect on the'vaﬁ. 

" lue of the fractionation coefficients found, and so/the

formation of internal adsorption systems is here impog-

.

sible. o
For systems with a lanthanum salt, Las(C,0, )+ 9,0 oF

- 29)g o 255 .
K3La(B0,)z, as a mgcrocomponent and with Y3+i Eu5+,; .

L
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‘and the lower miscibility limit las absent. Especially in-

that tetravalent plutonium enters )

-teresting is the fact

into the lattice of lanthanum salts to form|in spite of the
difference in valence,| ordinary mixed crystals instead of

- anbmalous. Its concentration varied from 2 x 1.0"'5 to

- Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8 .

in the case of the double potassium lanthanum

and from 4 x 10™° to 5 x 1072

7. x 1077 1

sulphate as macrocomponent

in the case of lanthanum oxalate.,
Egsential also is[that all of the multivalent ions in-—
vestigated (trivalent - Ygl, Lal4o, 09141’ Am241; tetrava~
lent — Zr22 and Pu259) are captured by the_KéSO4 crystal
lattice without a lower miscibiiity limit. It has been sug~
gésted by the cited authors that the microcomponents men-
tioned enter into potassium sulphate lattice in the form.
of double salts, .which are formed at the surface of Ké804£ :
Also the penetration of Pu™ into the E;La(80,)5 lattice is|
explained by the formation of a complex ion {EE£§8523(2_ in
_the sulphate solution, th}s lon being able to replace the

/Ta(E0,) /"

interstitial space to compensate the charge.[gncrease or

an ,
ions‘whereby an anion is introduced into the

decrease in the K80, concentration in solution brings about
a reduction of the fractionation coefficient of the
/Pu(SO4)3/2" ion. Similar results of these investigations
it has been proposed that the instability constants,Kb§E,

of complex ions|formed by the microcomponent should be

computed from the observed values of the fractionation
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coefficients, Thus, for the oxalate complex Pu4+ -
/Pu(6204)/2&,the following formula was used:

[0204%7]

Kin. r de
|54 ]

Here Df is the fractionation coefficient in the presence

of complex formation; D is the fractionation coefficient

when no complex. is formed. The valne of Ki Va8 found to
A be 5.2 zx10 7310%.“%}““_”% anomalose ntiss mslath
jhA E.M.Ioffe (9) B arrived at a gimilar conclusion,

Accor&ing to her, the formation of ancmalous mixed crystals,
in eome cases at leaot, 1s due to the structaral analogy
between the mzorocomponent and the complex salts forned

by 1t with the microcomponent\Tather than to the orystallo-

. graphic simllaritylof the initial Bubstances} a8 observed
in the cape of s true isomorphisn,

She experimented with ayatems consietinp of

NH401 and of chlorides Pe36 fﬁhzq, ane, N12 cdaé, \ i
and Co®®, and witn some organic systoms containing "

inprganie elementn. OFf the nine systems she ihveatiga- I
ted six undoubtedly had e lower limit for the forma=
tio%aef mixed erystals (D was observed to decrease sharply
vith/The micrdBmponent concentration in solation), For
the Hﬂ401- CuCl, and NH4CI-Mn012 aystemg the fractionstion
coefficient remsins inVariablejwithin a wide range of con-

cenmration, In this case ths complex ion /Uh014.25é0/2'

e e ——— e e

geemp to replqce the 2 “ﬁj;4 groapas in the NH¢01 lavtioe

5 ¢
Ll . : . R
& “'.‘ : '
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In the systems containing iron or chromium ehlo- j.
rideg thelcomplex ions /FeClS.HZO/Z- and /CrClS.HZO/a_ are {
present, which are incapable of_the substitution jmst
mentioned,

Similar results have been ob%pined with systems

containing two microcomponents each, viz., with

waH4Cl-Mn012-CuClz-H20 and NH401-FeCI3-CrCI3-HéO. Here mane

génese and copper retain the valmes of their diatribuﬁion_
coofficlents, The distribution coefficlent of chromianm is
somewhat higher in the preosence of iron, The reagon for
thie, as suggested by that author, is that on the precipi-
tation of crystala the complex anion /OrCls.H,0/%" ia de-
posited ‘on the ready portions of the lattice which are

‘formed by the complex anion /FeCl5.H20/2- igonorphoug with

then,

M.S.Merkulove end.collaborastors have inﬁeétigated
the eoprecipitation of divalent metal ions with salta
forming crystals of sodiam chloride gtructure. The systers
studied were NHAI—PbIQ; NaCl—Pb012, NaCl—Sr012 and
NaCﬁ-CdClz. It has been found that fhe microcomponenta aré ‘
glow to comqﬁo equilibriam in these systems, This correg—
pbnda to the mechanism of g0lid solution formation, The
distribution of the szé, Srzé and Cdzé ions in the
volume of go0lid phase is uniform, as shown by the fact that

fréctionation coefficient D 18 constant for a given con=-

centration of the distributed subatance, On the gtrensh of

~the experimental data obtained it is sagzeated that formed

by microscople-quantities of PbCl,, SrCl, and CdCl, with ;

L ST PRV
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NeCl crystals are s0lid solutions of limited miscibility (V).

T

‘dependently of each other, either having its own distribo=- ,f:

. twofold precipitation of sodium chloride from a super satu~

' iaotoPee cen be meparated completely (11) The same authors

Approved For Release 2009/08/27 CIA-RDP80T00246A011800110001 8 T T

c1pitation regularitiea durlng nucleation of the crystals t

. 9.

The resulte obtained in experimenting upon the joint
OOprecipitation of microscoplec quantitiea of both b and Bi
with NaCl were unsed for a quantitative separation of lead
and bismath iaotopea. Those experiments -had shown that micro-
quantities of Pb012 and BiCl3 were distributed between the

crystals and the saturated solution of sodium chloride in-

tioncoeffioient, The absclute values of fractlonation coeffi~
cient are strikingly different: DPb = 200, IJBi = 0.5. By a

rated solution containing RaD and RaE the lead snd bismuth

uged non-isomorphous systems NaCI-PbCIZ—HZO and
NaCl—CdClz—Hzo for a thorough study of the mechsnism under—
lying the formstion of limited s0lid solutions, To that
purpose-they - lnvestigated the dependence of the microcompo- T'
nent concentration in the sblid phase upon the overall concen~
tration of the impurity in the system, An upper miscibility
limit was.obserVed in these systenes, and 8 Langmuir type
of equation (%) was found to describe the variation of ths
1hpur1ty concentration in the 801id phase aa a function of
its overall ionce?:i;;;Pn in the system, . -
Qﬁ?ﬁﬁﬁﬁi%fto 8 theoretical discusaiogfﬁ%gﬁ%ﬁé?fgi—
mation of solid substitution solutions at the main crystal-
lization stages, viz., when the crystallization centres (nu-

clei) sre forming|and during orystal zrowth. Theae theoretical_

conaiderationa Were checked by experiment, To reveal the copre-

the fluctaatlen *heory was resorted to, It haa been shown

L B Il e s e
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~are in progresa of growth., In gtudying the phenomena

10.
that no equilibrium is ea’tabnshed\lwhen the radiocelement is

being distributed between the nuslei and the superga-

turated solution in which they are forminz., The concentration

0f the radioelement in the volume of the nuclei is close to

its conceatration in the initiel solution. On the modern
crystallization concepts it has been established that the
impurity can be =20 distributed as to be eitherlin or oantlof

equilibrium depending on the conditions of crystallization:

Athe solubility, surface energy and density of the macrocom= -

ponent crystals, the mode and rate of nucleation, the tempera-
ture, etc.| By adjusting suitably these factors}the‘reorystallié
zation of the 80l1id phase can be repeasted many times during
an experiment, and the distribution coefficient D in equilibria
nmR can easily be determined, gn the othe: hand, the conditione
of crystallizstion ¢an be so éhosen that there will be/no re-
erystallization during the expeﬁiment. In the latter case the
regularities in the coprecipitation of microimpurity with the
growing ﬁacrocomponent crystals can be gtudied (13).
Investigated by experiment wgs the formation of the
solid macrocomponent phase on the precipitation of NaGl
erystalas from g slightly supersaturated solution when 1t ip ; P
being stirred., It has been foﬁnd in these experimenta that : :
accumulation og the radiocelement in the precipitste taken
place when a constant number of nuclei of critical size ;
taking place at the surface of a growing submicron a guasi-
erystalline model of liquid was used., The radioelemeny co-

precipitation mechaniem was congidered at a stage

¢ . R
t ) .

I R,
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11,
of dynemic adsorption exchange between the crystal sarface

and the solution and a2t s stage, when a new monomole-cular
layer is being regularly deposited on the asurface of the
crystals of carrier. The main relations were dedaced which
govern the transition of the impurity to the surface layer
and the distribution of the radioelement in the volume of
the carrier crystals under differenf conditions of crystal-
1lzetion., The theoretical regularifies were borne out by
experiments with several different systems, viz,, NgCl—Pbclz,_{f
NaCl-CdCl,, NaCl-TICl and NaCl-InCly (14),

Theoretical investigations on the distribution of‘ions
between the s0lid and liquid phases and on the kineticn

0f the process by which the reapective equilibris are attal~ "

ned have been made by Kirzintsev (15). His thermodynamic

calculations have revealed a profound snelogy between’

the_cooryatallization and .adsorption phenomena, He obtained

for the coprecipitation.isotherm the equation

K!?:m b(zy - T’)J‘

where E_ is the distribution coefficient (the ratio of the

"+ Approved For Release 2008/08/27 | CIA-RDPBOT00246A011800110001-8 ..

microcomponent concentration in the s0lid phase to itz

concentration in the liquid phase); n is the number of iong

lnto which the microcomponent A B diesociaten (m = Hlena)a gfﬁ

Ry B,
-(Kl ° Kijj{Ka . sz ) (Kl and Ka are the rate con=

stants of adsorption, respectively desorption; of the
microelement at the crystal surfmce; Kl and K2 aere the
rate constants of the "moleculesg® leaving ‘the surface for

ths volume of the cryetal and of those coming to the sur-

- Pazm from Wluﬂin rcspe*tively); . By 18 'the emount of micro-

e g g ) oo <y . Y -
T T T g . L P T .
crmporEnt Lo e wnin v,;”ms ef ths cxyshel when the enposne

' . . s
4 . ' ¥
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tration of the microcomponent in the solution is infinitely

. large, whereas the macrocomponent concentration is invarigble
I is 'the microeomponent content in one mole of the orystal.

In the region of poor f£illing

x P b(aL e, - I |
where OL is a constant, ¢, 1s the microcomponent concentration
in the initiel solution.

-This equetion accounts for the appearance of & lower
migeibility limit: as the microcomponent concentrastion
'goes down| so does alap)the value of the distribation con~ -
stant,[i.e.,\the mixed'crystals become lower in the micro-
component, The gbsence of a lower misciDility limit|ins |
connected with the formation of homogensous snomalous mixed
crystals, which from the thermodynsmical standpoint repre- ;,
nent a single phase,
The kinetic method was used in computing the distribu=
—]— tion of cations between the solid and liquid phases for
anomaloug mixed crystals when no microcomponent sggrefotes f

sre formed in the macrocomponent crystal., Equations estab-

lishing a relation between the time of recrystallization and
the emount of microcomponent in the precipitate were obtained;
These equations for true isoﬁgrphoua systema remind of a aim—E
ple exponential lew of exchange, differing only in pre-expo-
nential factors, |

| Marin and Pliner (16) too have investigated the forma-

tion mechanism for anomslous mixed crystale and theore-

"tically derived analytical expressions for the activity of !
the microcomponent in heterogeneous syslems. There are grounds

to saggest that no anomalous mixed crystals will form unless

£~v E fhe nogber of mlproccmpopon* part’oﬁes in 1 uil‘iiiare oo

)

Approved For Release 2009/08/27 CIA-RDP80T00246A01 1800110001 -8 .
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: golution, C, exceeds a certain critical value, Ccr , at '
i hd . ‘

F 'which the monolayer on the crystal surface becoOmen un-—
gsable and disintegrates into two stable surfece phases,

If C>~Ccr., the monolayer of microcomponent (the "gueaf“) i1s

ptable enough to defy its replacement by the macrocomponent ‘1»_1

(the "host") when the latter is in progress of crystal growthe - -

e

If C <'ccr.’ no formation of condensed phase will take place.:; Fl
Conaidered is also the role in those processes of -
the association of particles on cocrystallization to form ,;;'
complexes in the broad sense of the word. _ Ll
Gorstein (17) has published a series of papera on ; »
| the role of the physico~chemical state of the impuarities .
in the processes of their frectionation on crystallization EER
or when inorzesnic substances are deposited from aqueous
"golations, .
New dg%a have been obtaingd on_ﬁhé distribution of
the microcomponent between the melt and the crystal phase.
V.R.Klokman and colleboratore (18) nave found that snomelous
mixed éryatals do form‘;n the LBFB-—RaF2 system\when lan-
thanum fluedride is iberg%%q]from thé E? or RbF melta,]yat
there is no lower limit of miscibility. The value of the ’
v {;actﬁﬁétion coefficient depends ofy the chemical nature of
) the second compdnent: the valwe 0f D is gbout 2,5 times as
greit in the RbF melt as in the EF medium. It is of inte-
rest to note that ehriched by the microcomponent in theeq
experiments was the solid phase and not the melt, as 1lav
observed usually. The introduction o: microimparitiea
(Caz+, Baz+) had no influnence on the value off the fraction~-

~ation coefficient, Emphagized in thié work, as, indeed, in

. Approved For Release 2000/08/27 : CIA-RDP80T00246A011800110001-8

-l de ot R
Vil eemttlanll Sl o



Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8

14,

abme other investigationé, i1s the important role of complex

"formetion in the melt in course of fractionation,

1

L

The study of the distribution of RbCl, labelled
with ThB between the melt and the LiCl, NaCl, XCl andEBr
cfystals has shown that the halides of alkali elementa having
the lattice of NaCl type do not capture lead in aprecisble
quantitiea;‘So there is g striking difference between the
bahav;our of lead ions in a melt and in squeous solutioné.

The authors of the papers cited explain it by a strong de-

'pendence of the fractionation coefficient upon the tempera—

ture.

' Adsorption of radioactive isotopes from sclutions
has been the object of a2 number of investigations., Thas
I.E.Starik end collaborators (19) have been engaged on the
atudy of somes essentigl problems bearing on the relation of
adaorption.proceéaea to such factors as the chemical proper—
ties of the lons, ‘the nature of the sorbent and the eaviron-
mental conditions, Heajy elementa of the main subgroups in
I and II groups of the periodical teble are adsorbed on glaaé
and other gorbents of ionite type in the form of positively i
charéed ions, being unable'to form colloids even in altra=-
8mall concentrations, Heavy eiements in the III - VIII groupa/f
form true oolﬂkas, gtarting from pH = 2=7 upwardsg. The adsorp-i
tion of thgse elements is baaed_on fheir hydrolytic capacity, ‘
On the adsorption curve there 1s ealwaps a maximum, Ths
rise of the curve is due to the lonic portion, its decline, ?f'
to the colloidal portion, . _ %_
o [@he adsorption of negative ions has been studled é“

. . . < . . : .
. Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8 ~ . ...~ =~ . .



15 IR

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8 . . Lo
: on phogphates. The hivhest adgorptive capacity towards

the HPOS™

4
_est dielectric constant and whose aurfaee was the least ne-

ion wag displayed by zlasses which had the 3zhigh-

- 2atively charzed, The presence on the 2lass surface of foreﬁm

multivalent cations increased the sorptive capacity,
Adsorption of radiosctive igotopes Zr95, Nbgs,

Th234, Pa233 s T1204 and 03137 without ion exohange\was
measured on paraffine ang fluoroplagt-4 (29); In & nitrio
acid solation (0.1 - 5 N HNO ) a notable adsorption of ngs
Nbgs, Th234 and P3233 is observed owing, probably, to the
formation in the aquecus phase of neutral complexes oorreﬁ-
ponding to the generaiﬁormula /Me(OH)x(NO3%V/ . If NH4N03
and ENOs are added, the adsorption diminishes several times,
apparently on account of salting out effect, If the acidity
0f the solution increases to 12 N, the sdsorption of ngsand |
Th234 decreases, whereas the adsorption of x> and P3233
changea insignificantly. The suthor's explanation of thig
‘fact is that 773> and Th234 form 2 complex with HNO,, The

cet37 ana m 204 ions (in monovalent form) are not adsorbed
elther on paraffine or on fluoroplast-4, because they refuse

to form neutral compounds under the investigated conditions. .
The regularities displayed by'the adgorption of
rodioiaotopealon various precipitates have been investigated
by N.E.Brezhneva and oollaboratore'(zl)..Espeoially, when
the secondary adsorption of cations on an ireon oxyacetate
precipitate was measured quantitatiVely\with allowance for
complex formation, and the pH value of the solution}aa well

\
aa the surface areaiof the preoipitate formed were determinai
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it was found thet within s wide range of concentration of the

adéorbed cations the adsorption isotherm is described by

q = Ael/n"
where q .18  the amount of the substance adsorbed in 1 g of
precipitate, The coefficient n is independent on the pH of
the solution an@ﬁe a fundion of the charge of the adsorbed
cation, whereas the coefficient A depends on the pH value,
which influences the specific surface area and the formstion
"0f an electric double layer at the s0l1id body - solution
interface.
It has been established that the adsorption iso-

thefm for cations on precipitates of the hydroxide type can

be represented in a developed form by equation

q = % 4,(PH - pH,) o /n

where E/Eo ie a quantity proportional to the specifi§
sarface area of the precipitdte; pHO is & value of pH at
which the adsorption of the particular castion begins, |
'“f 2_Nﬂ__The sorption of various radicactive isotopes
(09137, Sr89’90, Col44 ang Ruloe) on aluminium hydroxide
precipitates has been investizated by S.A.Voznesensky and

(22). The tests were run at 20° with micro-

collaborators
concentrations of the isotopes, Practicslly thers was no
sorption of cesium under test conditions; for the other iso-
topes sorption was a meximam 8t certain bH vélues, viz,, at

7.0 for Ru, 8t 7,5 for Ce, at 9,0 for Sr, As the temperature

goes up, the adsorption of Ce and Ru zrows, wheéreas the ad-
sorption of Sr remsins practically invarigble. The authors

suppose that the R and Ce iong are adsorbed by & ion exchange !

. Approved For Release 2000/08/27 : CIA-RDPBOT00246A011800110001-8 . .
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mechanism, while the morption of strontium is due the forma-
tion of aluminate,

Congidersble work has been done on the chromato-
graphy‘oi radicactive elements, General questions concerning
the use of joniten in radiochemistry have been dealt with by
B.P.Nikolsky (%), If the salt background (the concentration
or activity of the macrocomponent) ie constant, the activity
goefficiént of the microcomponent will be coastant too, The

coefficient of microcomponent ion distribution between

- the lonite and the solution (oLl) is independent on the

microcomponent concentration:

O( n[_d? ‘= Kz_l. E_g&.)zl/za £ (X) = const
! 1 2
Here C1 and 02 are the concentrations of the respective ions;
b (X) is a2 factor containing the activity coefficients of
the lons in the resin and in the solution; r: and f; are
the amounta of adsorbed ions.belonging to the microcomponent
and macrbcomponent reapectively; zl'and z, are the valencles

of the respecitve ions; K 1s the exchange constant,

This equation is generslly used in solving various
radiochemical problemg. . f

Some theoretical problems connected with the use of
fhe frontal method in the chromatography of ion exchanga
complex formation for the production of pure preparations of
ragioactive_iaotoPee have been tackled by X.V.Chmutov and coe= '
-workera (24). The suthors have analyzed the principasl factors
controlling zonal motion in a frontsl anslyeie.of a mixture

of complex ilona present in macro- and microconcentrations, By :

meane of the equations they have obteined for adsorption
igotherms and for the frontzl motion of the second componont,

. b bwies . aam e e, 4
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the coefficient of microcompenent enrichment and that of puri-

fication of the macrocomponent can be calculated,

Thig method has been tried by experiment on & mixtora

of ethylen#diaminohetraacetate complexes of Ga2 (macrocom=

ponent) and Sr (mlcrocomponent) The results are in good
agreement with the theory. With regard to the purificaetion
of the macrocomponent, the frontal method has been foqnd to
be 18 times as efficient as the ilon-exchange displacement
method.

[&he influence of temperature on ion-exchange equili-
brium has been studied by Matorina and Popov (25).'Their
theoretical statements are confirmed by an experimental ang-
lysis of temperature variations in ion ‘exchange sorption of
0345 and of fragmentary isotopes - 05137, Sr89 and 09144~Pf14§

An important cycle of research 1s formed by investi-
getions into the action of radiation on ion-exchange resinsg,
Various types of resins in dif¥erent mﬁdia hava been investi-
gated. They were acted upon by X-rays, gemma-rays and by high
energy electrons, Prosk&ﬁ(ﬁ and co-workera (26) have ghown

thot the rdﬁiation destruction of ionites is accompanied by
increace in their static exchange capacity. This is evidenoce

‘that the number of ion-exchanging functional groups, eapecial~-
ly hydroxyla, increase in the ioniteg

7 @enyavin et al, (27) have investigated three typical

ionites for their resistance to X=rays and gammag-raya, viz.,

0 . S |
v EU+1 (sulphocationite of the phenol-formaldehyde type), K2

| (sulphurated copolymer of sterene and divinylbenzene), and

{

. Approved For Release 2009/08/27 : CIA-RDP8OTO0246A0118001100018 +




Approved For Release_2009/08/27 : CIA-RDP80T00246A011800110001-8 19,

o

. Approved For Release 2009/08/27 : CIA-RDPBOTO0246A011800110001-8 . :

EE-4 (aaponlfication product of a copolymer formed by methyl -
metébrylate and divinylbenzene with carboxyl functional
groupse), It has been found that the effect of radistion ig

‘to inducs competing processes of destruction and cross~line

Efng, The chemical aelterations caused by radiation are deeper
in resins of aliphatic structure than in those aromatic cha=-
racter, Qualitatively the functional groupa of the cationiteg

studied are resistant to redistion, thoagh they decreass some—

what in quantity. The highest resistance was shown by the

K2 cationito,

kiaeleVa and Chmutov (28) have subjected the KY=2
cationite to bomberdment by high energy electrons. As the
rediation dose incroased from 1021 to 1024.ev per g of ¢

resin the exchange capacity for the functional group Hsog

diminieched, and pey lon-exchango groups with pPK = 4,3 and 7
mode thelr appeergnce. The reein partly passed to a soluble
etate, By irrsdiating the KY-2 cationite in different
polations (0.5 N HNOB, 0.5 R CH3COOH and 0,25 N solution
of ammonium 1actate) now funetional groups can be made
to appear even with a dose of 1022 eV per g of resin,

Work in the f£ield of chromatographic separation
of-radioactive isotopes has been go extensive that only
a few instancas can be referred o here, Especially strong
i1s the number of investigations concerned with the separg-

tion of £opgmentary rare esrth igotopes, Tunitsky and col-

laboratorn (29) have developed a iheory of chromatographic

separation of rare earth elements in which account 13 taken

of statisticsl factore (the ratio of sorption coefficients
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6f the geparated lons) end of kinetic factore (the rate of
diffusionlof the lons in the sorbent grains),'their rate
‘of diffusion to and from the grains in a flow of solution, e
10ngitu@ina1 mixing and diffusion). Experimenta have shown
that the diffusion coefficients of rare earthelements grow
in the order of their atomie numbers, 0On the suggested theo~ P
ry the optimal congitions forr the separation process and :
ifa daration can be computed.
The geparation of fragmentary rare earth elementa
| by means of lactic acid and pyrophosphoric acid solutions
has been studied by Maslove, Nazarov and Chmutov (30). The

aﬁthora maasured the stability constanta of lactate complew

Xes of some rare earth elements and were gble to show that

the uase of pyrophosphoric acid for the chromatographie sepera

tion of rare earth elements holds promisge of success, E
T Preobrazhensky et al, (31) determined the separation
coefficients for all rare earth elements, when ammonium lac—

tate is the complex former, and compared them with the avai-

lable literery data on the oxylsobutyrate and glycolate of
ammoniam, The authors found that heavy rare earth elements ; E_}
are separated better with esmmonium lactate, while for thosae ‘
of smaller atomlc weight amﬁonium oxyisobutyrate is pre- : .ff
forable, - |

To £ind out how the processes involved in the chro-
matographlic separation of Y from Ce and of Pm from Nd are
influenced by the number of carbon atoms in the chaln of 5. P
game oL-oxyaeida has been the obiect of experiments arran- i |

ged by Spitsyn and Voitekh (32). They made ugse of the £ollo=-:

wing acida as complex formera: glycolle, lactie, dL-oxyiso—
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butyric,cL-oxyisovaleric and o{roxyiaocaproio. The experi-
meets were run by a static method as well as dynamic. It
has been found thst the separation coefficient of rare earth .
-elementa is Higher the atronger the proton bond in the
oA=oxyacid, i.e., the weaker the adld. Incresse in the size
of the addend (e.z., in the cage of c(-oxyisooap?ﬁ&o acid) -
bringa sbout a weskening of the complex., Therefore ol-oxy-
isobutyric acid is the beet : elvant,
iavrukhina and co-workern (33) have suzgested the
use of trioxyglutaric ascid for the separation of fragmentary .
rere earth elementc (Ia, Ce, Pr, Nd). She has also studied
the effect which the quantity of elemente has on the shaps
and positiop of the peskas on the yield oxztt curve in chroms- |
tographic lon-exchange &eparation of rare earth elementn,
Ao the quantity of elements goes down the rate of their
washing oat goes up in a number of caaea; This i3 probebly
beocausc the equilibriam in the . washing out solution 1ia
ghifted towerdg the complex form, With altraemall concen~
trations fhe observed shift of the peaks can unfavourably
affect the outcome of the geparation procesa.

For gome closely related elements the chromastogra-
phiemmethods of their separation have been made more effi-
oient by B.N.Laskorin and collaborators (35). This they .
achleved by the use ofrapprOpriate complei formera, where by ‘
diminiching the effective concentration of the ions separe=- f
ted, which in first approximation is tantamount to decreage
in the gquantity of the separated elementa,Difference in the
gonatanta of complex formation is prone to increase the

separatiun'coefficient. The authcra have_lnveatlgated

nine sgecimens of cationites and 12 complex formere for
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the separation of radium aend barium, Most effeotive were
the following acidse: citric, nitrilotriacetic and ethylene=
diaminetetraacetic, The rate of productlion for barium was

50 kz/hour per 1 m2

T

of column crosg—-section,

Dpitsya and Kuzina (36) liberated a fou milligrans
of techneciun from.impurities by a chromatographic technique.
Spitsyn and D'yachkova (37) evolved a chromatographic mathod
for the separation of protactinium, zirconium, titanium and
nicbium in a colunn with manganese dioxide. tThe sovptien .
of Pa and Ob from 10 O EHO5 permits Zr and 11 to be so-
_parated. Conditions for ths ssparate washiog out of Pb and %: 
b from the column wers chosea after studying the coefficien% :t
of their diétrﬁgﬁzigg&petmeen 1'n0, and tho HE,F solutions. ::
BY this method wetghinpyquantitios of radiochemically pure
PaaBl wore obvaipned.

Inorganic ionites ‘are of great interest on acoount
of thelw resistance to gaﬂiaﬁiou. Kraus (58) is knoum to
uoo zirconyl phosphate to thia purpose; In th? Soviet .
Upnion zircoriun basod ionitoc have beeq iovestipapcd by

- Bresler and co-workers (59), viz., the sulphidse, chromato,
arsenate, oxalate and carbonate of zyrcoanyl. 1hs investi-
gations have ahown.fhat all of these compounds have ion
exchango properties. Then taken in the HY form, they se-
sure a good separation of related elaments,e.g.,caa¢-mga+,
5028002, and others. AQ the Uaahib.é%oiutit)h, 0.05-0.5 ¥ BQL

vas employed. The enrichmant obtaiasd fogﬁglcrocomponent .
ranged from 0.5 x 10° to 10%. | f

Soviet radiochsmiqta have bseen paying considerable -
attertion to problens connscted with the ppgarvation of eadioJ

aoctive elerents by extraction. A8 is well kpown, the exbtrade |

e
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ckamical industry for thns séperation of uranium, plutonium
_and fragnentary elcm:nts, as woll as for the‘produotioq
of pure uraniun compouadg. Bxperience accumulated ig this
field ves extended to other radioelemsqts, whore it contri-
‘buted to considerable progress. And though applied radio-
chemistry is beyond the 80ope of this revisvu it seems appro-
priate Yo dwell briefly on ths work dones in ths USHR in
connection with the main extraction techniques.

| Vdovenko and collaborators (40) have investi-
gatod the solubility of various hydrates of urényl nitrate
io diethyl ether and used the methods of physico~chemical
aaalysis for cetermining the eomposition of the compounds
here formed and containing water and bound solvent ata +tips.
A oystematic study has also been carried out of tha uraanyl
aitrate distribution between aqueous solution and diethyl
ether. .

Vdovecko and Smirnova (41) have measured the
digtribution of urany; nitrate between aqueous golutions and -
variouz ethers and estows. the highest equilibriun constants
of the processes taking place hero were found with diisoanyl
ether, chlorex, isoamylbonzoato and dibuthyl ether. More-—
over ths authors iuvestigateﬁ tho composition uraanyl nitrato‘
hydratss formed by extraction of aqueous solutions with _
diethyl ether and dibutyl ether in the preseace of Salting
out ageats (KNOB, MaHOB. 0&(303)2.4820, Al(N03)5-9H20). Ia
diethyl ether thikalts capable of binding water decreaso
the hydration of uranyl aitrate. This does not occur in di-
buthyl ether, apperently becauss ths hydration of uranyl
nitrate in this solvent is slight. Addition of diluentsg
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- 0f uranyl nitratc and tha extractiog power of the solvent {
" ig rveduced too.
Problems connected with tha structure of the coor-
dination sphere of urarnium in various organic solvents have

42
).

Shevchenko and co-workers (43) have investigated C

been discussed by Vdovenko et al. (

the use of tributy%&hosphata (TBP) as a solvent, They measn=-
red the polarization and dielectric constant of TBP mixtureé
with voRfions diluents and came fto suzgeast that the distri-
bution coefficients of aranyl nitraste are definitely con~
nected with the poler propertiea of the TBP=solvent aystem,
Invegtigation of the influence of TBP hydroiyaia !
producta on the extraction of plutonium has shown that prao~- é
ticaelly thia process is not affeoted 1if the admixture of
monobutyl phosphate is below 0,001 mol/1 or that of dibutyl
. phosphete is below 0.0001 mdl/ L, Yet with higher quantities
of thege substances tha distribution coefficient of pluto~ . !
nium riseas considerably, oﬁing presonably (44) to complex
formatibn in the aqueons phase,

Rosen und Moilseenko (45) have investigated the in- ;
fluence which the concentratiog:, of HNO3 and uranyl nitraote
exert on the distribation of Pu (IV) and Pu (VI) in the oase |
0f extraotion with a 20% - ' solution of TBP in Bydrogana;i
ted kerosens, In the absence of uranium the increase of ‘
HI‘IO3 concentration leads first to incresee and then to de-
creage of the Pu distribution coefficienta, The dependence
of plutonium dietribution coefficients upon the acidity im | . -

. the presence of uranium waz found to be different for

Po(IV) and Pu (VI), Tho obeerved relations.can be accoanted |
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for by the fact that the salting out effeoct of macronitra- b

' tes 4in the aqueous phase is combined with the displecing
effect in the orgaenic phase,

T B Y%xpérimenta with the extraction of uranium by TBP
from hydrochlorie scid solutions hgve ‘ghown that the comp=
_ound U02012.2TBP is formed in the organic phase (46 47)

4 lsrge npumber .of different solvents have been
tried for the extrasction of uranium, plutoninom and<other'
redioactive elementa, .

| Laskorin, Zefirouw and Skorovarov (4’8) have inve-
gtigated some dozeng of orgenic solvents which seemed well
gitted for the extrgction of arsnium from solutlons and
ore pulps. Among them were eaters of carboxylic acids,
phosphoric ester, phosphinic ester aa well as liguid catie~-
nites and anionitea, Some of these substances were used
with diluents., Most promising for uranium extraction from
nitrate medis are isomyl_aoétate, dimethyl phthalate,
dibutyl ether and & 5-10% solution of TBP in kerosene.

- Por uranium the diisosmyl ether of methylphosephi-
niec acid proved to be effective an a solvent, With 1t the
 distribation coefficients are higher then with 2BP. The

compoaition of the complexes whioh thie extracting sgent
forms with uranyl nitrata and HNO3 has been determined (49)

A systematic investigation of the complex formg=
tion by aranyl nitrate with verioms organo-~phosphoras com-
poands has been carried out by M.F.Pushlenkov et al.(so). |
Elhe a_u'thora have found the phosphoryl -group to play an

important pert in the formation of uranium complexeas:
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of addends (G4H90)3P0-——--—> (C4§£3P0. The stability
conatents of complex compounds formed by uaranyl w.ith TBP,
di=n=-butyl ether, n-butyl-phosphinic acid and tri-n,-butyl-
phosphine oxlde have been determined,

It has been ghown that an aeetate compound of aranie
%)

um can be extfacted with oniline » Thereby & triacctate

complex is formed with aniline 1g—ﬁﬁe extornal apherat
CgH;NH/ 00,( CH;C00) 5/ |

The application of the extraction technique %o
processes of separatiom and purificetion of various radio-
elements hag been tried by many workero,

Shevohenko and collaboratora (52) have described
the extraotion of protactinium with elkylphosphoric éoidq;
.fhe experiments were run with Paz33 in nitrate eplatione(
The highect distribution coefficients were displayed.dby
dibatyl phosphate, diiaobytyl phoaphate end diigoemyl phos
phete., Ugod an diluents were isoamyl acetate, dibatyl
ether, hydrogenated kerosene esnd some other products which
did not affoet the exbtraction yleld, The protactiniam

distribution coefficicnto veried proportionsl %o the oquare

of the extrpeting agent concentration in the organio phaaoc,

The extraction of protactinium with monro~ and die
_iaoamylphosphorio acid hes been studied by those cuthora
in greater detail, They suggeat.that the extracting agent
here forma complexes in the gqueons phase, Going over inmto
the organic phase is, apparently, the compound PBK5 (K being
the radicsl of isoamylzphosphorio acid), while the products

0f ita partial hydrolyeia, /Pa(OH)553/ /Pa(OH) Eé/n
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The extraction of pentavalent neptanium hae besn
described by Alimarin erd co-workers (53).[§he tests were

" ran with indicator quantities of Kp2oo

and ponderable quantir
tien of'H9237:BA golution of l-nitroso-2-ngphthol in an=-butyl
Valcohol and in isoamyl .&lcohol with pH99-10 was the extrmo=
ting agent., Up to pH 6 no extraction of neptunium will oc~
our. Foriing in the extraction procenss seems te be a com-
pound of the Hp0j ion with l-nitroso-2-naphthol, This technie
quoe can be uesed for the separastion of neptunium from platoni-
pnn and uranium {for their extrasction in the presence of
;—nitroao-z-naphthol the solutions should be adjusted at
pH 1,0-1.5 and 3,5-4.0 respectively).
T ' Extraction‘with methylethyl ketone waa used for
X the separation of technecium from irredtiasted molybdennn (54).
Por salting oat KOH, cho3 and (NH4)2603 were employed., Mo-
libdate solutions too are endowed with selting oat effecd.
The re-extraction of technecium from the orgasnie phase wssa
done wifh @ 6 § solution of zécosg
Diamylphosphoric acld was used by Brezhneva ond
oo=vorkers (55) for the separation of rare earth frognen=
tary elements by extractioq. The study of thie process
~ haa revealed that in the region of low hydrogen ion con=-
'ceﬂtﬁations an organio Balt of rare earth elementa ia the
compound extrapted° With high hydrogen ion concentrations
* fha extraction mechanism is different: extracted here ere
Me(N03)3;H25é golvetes (Haﬁa‘atanding for diamylphosphorie
acid), formed under participation of the oxygzen of the
phosphoryl groap.
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The effect of uranyl nitrate on the distribution

of Cs, Ca, Sr and La between the aqueous solution amrd

methylbutyﬂ%etone has'been‘inveatigated by Vdovenko et gl. ﬂ
(56). The distribution coefficients of these elements inoreg=.
ge @8 the concentration of uranyl nitrate rises, which fact

1s asceribed by the authors to the formation of MeUOz(NO3)2

N conpoands in the orszanic phase, _
Conslderable work has been done on the chamistxry
of individaoal radioelementa. Special attention wes given
to the gtudy of plutonium and the nearest transplutoniom
gelement s, - ' o
Some nnknown or scarsely studied plutonivm com=—-
pounda were synthesized and their propertien described. By
evaporating a hydrochloric aeid golution of haxavalent plu~-
toninn in vacno a crystalline plutonyl chloride, Pu02012.635>
Uao obtoined (57). Platonyl fluoride, PuO,F,, Was prodaced
by the sction.of liguid hydrogen fluoride on a oooléd plato=-
iy /13 chloride.eolutiono The golubility of thig compoand in
vater (1,07 9/1 at 2500), ito obsorption speotra and crystal
gtrocture were determined (SB). V.V.Fomin et al, (59) has |
aynthesized platoninm tribromide by the action of gaﬁeoua '
HBr at 500°C mpon platonium oxalate (IV). | )
The properties of nitric acid solutions of hexa-
valent platonium have been investigated (60). The hydrolysiso
reaction constants of plutonyl ion have been computed; aai
the hydrete of plutonyl nitrate, Puoz(ﬁo3)2.6H20 haa beca
obtnined in the puro form. The radiolyfic reduction of
?u(VI) in nitrate aolutioms under the actlion of ifs own

i

rzdiation was elso investigsted. It was found to procesd 03
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'the’expenae of atomic hydrogen formed on the radiolyeis of
water. Pu (VI) iz reduced in the form of hydroxy compounda,
GeBey Poozoﬂo.'Firat Pa (V) is formed and aftervards Pu (IV),
which disproportionatea to Pu (VI) and Pa (III).

" The conditions of disproportionation of Pa (IV) and

"Pa (V) in HNO; golations have been studled in detail (61).

(@t the stort of the process the disproportiomtion of Fa (V)
proceeds ag follows: Pu (Y) 4 Pa (V) z—= Pu (VI) < Pu (IV).
Later on, with the asceumulation of Pu {(III), predominant
becomes the reaction Pa (V) < Pu (III) === 2 Pu (IV),which
brings about an sutocatalytic acceleration of.the prooeao{]

Investigated was olso the solubility of some scarsely

gtudied plutonium compounda, e.g., plutonyl oxalate,
Pu0,0,0,. 58,0 (**), the bieubstitated phosphate of platonlan
(17) (8%) and others, !
" The oalioylatoo of tri~ and tetravalent plutonium
have been deseribed by Zviegintsev and Sudarikov (64)
There have been congidersble developments in the
chemistry of complex compoundg of transuraniun elements. ‘
GoTmen end her co~workers have investigated tho carbe
nate, oxalate and ethylenedlaminetotracetate complexea of |
(::::) plutonimmo‘g paper (Gs)xrj]deacribed the production of the
vfb carbonate complexes of plutoniua (IV): (”34)4/Fh(003)4/.H20,
(NH4)6/Pu(003)5/ nH,0 and (NH )S/Pu(co—)G/.nHEO. On their
deoomposition plutonium (IV) oxycarbonate Pu0003.2H20 io
formed. A oomplex carbonate of plutonium (VI), (NH4)4/PuOJK§}4 |

hag beon isolated by Drabkina (66).'Iu decomposea to form g .

monocarbongta, Pu02003°

Solubility meosurements were used by Noskvin- and

Approved For Release 2009/08/27 : CIA-RDP80T00246A01 1800110001-8



--—. S N

p) '.3

»n'L - . T e P . - .
el e S -.._: e el : A L -
MO .‘. 2 epe T P

. Approved For Release 2009/08/27 CIA-RDP80T00246A01 1800110001 8 R

30,
GeTman (87) for determining the composition and ingtabillty
constants of complex oxslate ions /Pu(caqg /29 ’
/0 2em
/Pa(C,0)o/° /Pa(C40,)5/%" and /Pu(0204)4/3". They have
shown that among the different valence gtates of plutonium

the tendency to complex formation declines in the order

5 p¥Dra02t 5 pal, Muzed cordmal - #2ali
PR R W v lors corp e

In & pure state some oxalate complexea of pluto~
plum (IV) were obtained by Gelman and Sokhina (69). Unlike
the normal oxalate, they are eanslly solable, Isolsted were
the following compleses: Na4/1-"u(0204) 4/ +580, E,/Pu(c0,) /d
« 45,0, x6/1>u(c204)5/ «4H,0, (NH )6/]?0.(0204)5/ nH,0, They
proved stable in aqueous solutions both in the cold and when
heated. It is interesting to note that one of these comp-

lexen, viz., (XK, Na)¢(Pu(0204) /°4H20 can exist in two

crystal modifications - red and grecnish yellow,

_ Gelman and her go-workera (70) used the ion: .
exchanga technique in studying the possibility of a complex
formation of pentavalent plutonium with ethylenediaminete=-
tracetioc acid (EDTA), Indeed they have established the
presence of a complex ion /PuOZE/B', (¥4 being tha anten
of EDTA) in the pH 4-5 region. Measaurements of the con-

. @tant of concentration instability of this ion have shown

that it is close to the value reported in (71) for a cimi-
lar complex of neptunium, For cemplosed trivalent pluto~-
nium with EDTA, complexes of the composition PuY and PuHY®
have been found and their structures digoussed (72).
Kondratov and GeIman (72) have inVeetigated oxalate
complexes of tetravalent plutoﬁium by mesns of solubility
mesaurements, The galt (NH4)4/Pu(02QQ /onH20 vas iaolated

by them in the ervatailina atate. The concentration fn-
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|  /Rp(Cy0,)/%Fy /Ep(Cy0,),/0, /F0(Cy0,) 5/, /Np(C0,) /4"
-were computed, They were found to have the same order of
maznitede as the respective Pu (IV) complexes.

New date have been obtained on the chemistry of
amsricium ('4). The content of Am (III), Am (V) and Am(VI)
in solutions prepared by interaction between Am02 and ‘
H2804 has been determined spectrometrically. The reaults
ghow the existence of two reactions:

@_ | 2 an*® 0 2 0 = an?* 4 an0} & 4B ena
_ 40* & an0f = An°® & amolt
Both of the%ﬁroceed at a high rate, which accornts for
ths abeence of Am (IV) in squeous solutions,
Moskvin, Ehalturin and Gelman (75) used a ion
exchange technique in studying the formation of complexes

(:E%:) by Am (IITI) with EDTA and with oxalic acid. The structure

. 0f the compounda which are formed here, viz,, /Am(0204)2/,
/4m(HC,0,)5/® and /An(HC,0,) /™, is discussed in their papers’

' Prozress can also be recorded in the chemistry of
fregmentary elements, The objeot of_ﬁ.E.Brezhneva and her
" so=workers (76) was to atudy in detaii how the redioisotops
of egirconiom, nloblum, ruthenium, atrontiuwm, barium gnd rare :
sarth elementao are distributed between the precipitate (cal-
clum oxalate, calcium nitrete, iron hydroxide,ete.) &nd .
tho solation, Developed in these studies was an elaborate ach%
ma for 'the aeparatioh of fragrantary elements, It is based

' on reactions involving corprecipitation, Thus stroantiom and -‘,'
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rare earth elementa are deposited with calcium oxalate pre-—
cipitates; zirconium, niobium and ruthenium, with iron hydro-
xide. Later on the eléments are separated by liquid extrao-'
tion with tributyl phosphate froﬁ nitrate solutions, On this
scheme strontium-90, zirconium-95, niobium-95, rutheniam-106,
prometheus-147, cerium-144, europium—-155 can be obtained at
the laboratory ss pure isotopes in quantities varying from .
15 millicuries to 15 curies according to their content in
~ the initial solution,

Other radioelements too have been investigated %o
gome extent by Soviet wdhrkers, B.P,Nikolsky and collgborators
(77) have used an ion exchange technique in éﬁ#dying the
formation of complexes by radiam and barium in solutiona of
EDTA end nitryletriacetic amcid, At pH 5,5-6.9 radian forma
with EDTA a complex Of the composition (RaA)?™, With nitryl-
triacetic gcid the complex has the composition (RaX)” s
is obtained at pH 6-8, The two complex ions are somewhat leap é
gtable than the respective barium compoands, f

Ziv and Efros (78) measured tpefsolubility of f e
poloniom (IV) hydroxide by a microchemical technique, afd ! :
foand it to be (3.7 # 1.5).107° mol/1 for pH 6. I

Capture of protaetinium=-233 by various precipitatag g
wes studied by Hikolaev and c¢ollaborators (79). They hgve :
found that Pa 1s precipitated together with almo st every
poorly soluble compound of Th, However, when thzorium fluo-
ride ia’ brecipitated, Pa can be held in solution aunder
certain conditions, The authors susgested the method. of

"eintlar cerriera" (CaCOs and CaCy0,.H,0) which permita I
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Pa to be séparated quentitatively from the oxycarbongte
and oxalate of Th, snd transferred to other carrlers, such
ag Fe(OH)3° A technique for the extraction of Pa with aceto-

- ne in the presence of salicylic acid has been developed.

Starik end Sheidins (80) proposed a convenlent
procedure for radiochemical purificatlon of protacfinium
by its precipitation togzether with zirconiuwm phenyl giycol-
late, '

Spitsyn and Kuzina (81) have designed s technique
for the isolation of %echnsclium from neutron irradisted mo-
lybdenum, and investigated the chemical properties of some
technecium compounds.

| A zreat many investizations in the Soviet Union have
been devoted to the chemistry of uranium and its complex comp
oﬁnds. However the results obtained in this field cannot be |
reported here on aceount of the space available,
Considerations of space preclud? also a discussion
of research connected with the production of radiactive
) | isotopes without carriers, although significant progress

! has been made in this f£ield too. -
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Introduction

The study of chemicnl changes of substances brought

sbout by high energy rndiastion has begun its rapild development’

in connection with the availability of the power 1on1£1ng

radintion aOUrces.AThe deavalopaent of radiation chemistry

wag atimilated first of all by rejquirezenta of nuclear engline-

ering and problems of the relirble protection against the

1
X | hszardeous radintidu. On the nther hand, the radintion chew~

istry deals with the phenomena cmlled forth by high-excited

- i and of high remctivity particles, i.e. 1lons, free radicnls,

-t
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and molecunles. 'he latter is caused by the fact that energy

of ionizing radiation 1s nmrny times ns large as the chemical

bond energy. The generation of exclited particles mentioned

- i3 the main distinctive feature of radiation-chemical processes

in couprrison with the photcchemical those where such pheno-

mena do not almest occur. This cipcumstance has also promoted

P

to the grouth of interest in radiation chemistry and 1ts usea
in practice.

. Russisn and soviet sclentists mmde a sudbstantial contri-

bution in the development of radiation chewlstry. Thus, among
the riret investigators having cbserved chemical effects of
ionizing radistion upon diverse compounds there was N.A.Orlov.
In 1204-1906 he founded 1 that paeraffin, wnx, atearlc acid
and other solid organlc aubstances converted into liquid
recinous products. In 1910 N.D,Zelinsky e placed in a senled
tube socme little erystals of radium bromide contsaining 0.5

mg of pure radium and 1,5 ml of cyclohexene (Cg Hjg)..The
investigation carried out after several yeﬁra revenled the
~deposition of free carbon on anrfncefof-tho Pbronide crys-
tals, the liquid decouposition products being conaisted not
only of hydrocarbons more siuwple than cyclohexené but, nlso,

. : of more heavy hydrocarbons synthesized under asction of alpha

particles emitted by radium. As an 1ntérmodinte process, Ap-—

parently, dehydrogenntion of the original msta;lal occured,
e ReDe%elinaky stated that relative processes could take

place in the nature under effects of radlation of rsadium -

containod in rocks.

—
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iModerﬁ?ﬁﬁvelopment of radintion chemlatry in this countrx;

Lo

hae begun in the post-war years, being cnused by uses of nuc-
lear pover for various purposses, This period 1a charmcterized

;,, -------- py- rpapid development of wide-scale research workjambrnclng
more snd wmore diverse classes of compounds and reaction types
and, on the other hand, by employment of modern research
techniques involving gas—liqui@ chromatography, electron
paramagnetic rescnance, mass spectrometry and so on;for lden-
tiflgation of radiolysis products and for elucidntién of the
reaction mechenlam, As ionizling radiation sources’nuclear
'renctors.!apent hert releasing elements of atomic‘power
roactora,L EJ-ray sources of 0050 and 03137, (i,-emittéra
such as radon and polonium preparates, betatrons (including
these with extracted electron beams), electron accelerators
permittlng both continuougs and pulsed irrediation, X-ray
inctallations and so on!are employed,

_rﬁ These are radintioﬁ—chemical resempch laborstories in

: verious regions of the U3GR. A number of tﬁe ¥oscou resenrch

i institutes sre carrying out investigations in this field.

- Radiation-chemical investigations are nccomplished in the
Ukrainian SSR, Georglan SSR, Uzbeck SSR and other republics
haiing ntomic renctora. The fact that in recent three years

" about three hundred publications on this topic have been
icgued by soviet imveatigntors lllustrates the development of
the padintion chemistry in this country. In 1357 the firat
All-Union conference on the radintion chemistry was held 1n

MYoseow, where 66 papers were reported and dlscussed s.
S

-
a
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A lepge nuzder of the sovliel investigations in this Tleld vag

reported ca the other scientific congresses aud conferences
4-10

iz this country ase well as abrosd
[huthmrg of this papeﬁléﬁall; in the main, describe the

most iEQO?taﬁt diPGCtiQEE‘;f Feaea:ph in the radiation chemis-

try in the USSR end a2lco shnll reviéu SGiRe intérasting papers

publiched in 1958—1960,{%he provious soviet works are peblish-

-1
1 2, transactions of a

13-16

ed in form of separatle celliecticns

posmer of conferences o, and are also told in reviews

17-18 .
and bococklets edited in the USSR,

-

2. Radiaticn chemiatry of water spd aqueous soluticng

The padiatica-chemical roactiocns cccuring in vater and
aguecuc selutlions vwere en object of many investigatioens having
been carried ocut during the laah yéars in this country. This
ic cruced first of all by the fact thrt water is used as a
moderator snd A coolani in atomle reactors; besidetg, in.aquooaa
solutions mANy PrROCosSses takke place imveolved in the naclear
fuel production and isolaticn of nuclcar reaction produéte.
loseover, bohavicur of aquescus soluticns under irrmdlaticn
is anrlogous, im a considerable extent, to thai of bioloéi?ml
gystems. That is Shy'the study of the eifects of ionizing
rodiation up ¢nr the agueous solutions can be assumed as basis
fop estimation the effects of redintion on living tissue.

Soviet Posearch wooks cover =a vide prnge of diverse

quootions of the raodiation chemistry of vater and aqueaous

solutions. The influence of a lonization denslty and ZJose
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pate on the ylelds of radiolytic conversion in the aqueous
solutions, the role of direct action of pndiation on dissolved
gubetsnce, the role of excited wmolecules of water 1ln radic-
lysis processes, {ependence of the yields of moleculer pro-
ducts of radiolysis on concentration of solution were aacer-
tainod. Radiation-electrochemical Erocessea and the influence
of irrs@istion on corrosion behaviour of matals and some
other questioas uwere an object of a number of investigstions.
At present 1s generally nccepted that under the action
cf Padiation on water atcms H end radieal OH, as wall as molec~
ulay hydrogen and hydreogen peroxide are genorated as primary
products of the radiolysis. These intermsdiate products in-
topact further with the dlissolved compound. In the case of the
diluted aquocus solutiocns it 1is poscsible in this way to ex-
plain the chapacter and the yiecld of the radlolysis products
and, ik soms cases, the radlolysis Kinoetics alsoc. Bazed ca
thic conceptiocn cystematic investigntions are carrled out in
the USSRo[Q.Yu.Filinovaky and Yua.A.Chizmadzhev 19 have Erde
ecalculaticas concerning the dependence of the moleculap pro-
ductc yield in the case of the radiolysis of water under the
action of radiationa}with high ionlzation densities in the
proocuse of BCavVeRZerd. Tovo cases of atoms H and redicals
0H distributica during vater radiclysis have been considefed:
1) both pedicals are in a. track colunm with the dlameter-nfx
ord 2) stoms H have more diffusive distribution ( ~100 R ).i}
B.V.Frehler et al. 20 have cempared the pate of radia-
tion-chemical deccmposition of hydrogen peroxide with the
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ogt reliable dnte aéailable in the world literature concern-

ing the rpdiolysis of water under the action of KJ-rndiation

of cobalt-60, The Authors have confirmed the applicability
YRY of hypothesis about the constnnc& of yieldsof padiolysis
producis of water as well as the adequmcy of the law of
homogoneous kinetics to the case éf radlation chemical pro-
e¢cos08 in diluted squeous solutiems.
{ , In an other paper B.V.ErPshler 2 basing on the model of
] irradiated solutica in which free rédicala and molechar
.’ . products sre distributod homogencously in the total irradlated
, volumo, hao considered general regularities of the radiolysis,
' for the cacos vhorein this metiel is applicable. Procesding
\ . froa tho gsousption that radiolysis products ylelds ér wator
N E arc constant values and that im tho solution only bimolecu{@r
E rorcticns proceed, the asuthor has considered the effeets of
1 radiation intensity cn the Gependemce of yield upon concentra-
e x ticn. Two griterin for the adequaey of this mpdel have boen
1 found., In the case of staticnary state, the increase of in-
tensity from I3 to I, digplaces the curve representing the -
dcpendonee of a lognrithm of concentration of one of radio-
lysis protucts upon 8 logaéithm of concontration of other
preduct, along the coordinate axes by a segment which is

h
equeal to al %, the chape of the curve being unchanged. If

W&

otationary stato io not yet achleved, the varirtion of in-
toneity loade %o displacecment by the same valus ;;I% along
the sgbeoisea af the curve representing the dependence of the

rodlation yield G of ona product with logarithm of concentra-
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tion of another. Rsdiolysis of the solutions o ‘hydrogen
peroxide 20 is an exnmple of such a regularity.

It is known that increase of concentfation can bring
the conditioms in which the dissolved compound would intep-
act not only with free radical distributed in whole volums
of sclution but also with those in the pcints cf high ioniza-
tion density, competing thus with recombination reaction of
redicals and reducing the molecular product yield. In this
ccanection the inveatigations of P.I1.Dolin with collabor.,
N.A.Bakh with collabor., M.A.Proskurnin with collabor., are

of considerable intersst. Examining the nitrate systoms 22—24,

83 vell s the aqueous solutions of potassium bromide 25-26,
it hao been.found that a substantial part of mélecular hydrogen
originates from the recombination of atoma H. For instance,
decroasing of mngnitude of G {Hy;) till some hundredths of
molecules per 100 electron-volt with the incrensing HO -1ons
concentration has been found 22_24. '

From the point of view of elucidnting the mechanism of
radiolytic oxidation of Fo**-icns inm diluted aqueocus soluticne
of cgnsiderrble interest is the work of V.N.Shubin and
P,I.Dolin 27, in which the effects of n pressure of hydrogen
above the solution on the yleld G (Fe**+) is investigated.

It vas fcund that variation of the préesufe of hydrogen in
the Pange from 1 to 180 atm., does not exert an appreciable
inflvence on gystem concerned.(; mechaniom has been BUEZE G-

tod fer this case which includes the_following reactiona.
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o "!. Fe 4_13‘9()2 Fa * OH +» OH
\

s * g — H,0

\ " H 2 + H-
- \
}
|

H

. +« HY— H, + .
} R
\ Pe o+ H =Pt + H

"« A . 2 2

Tao roamlic cbtainsd confirm the hypothesis accordiﬁg to vhich

in doaerated colutions atoms H take part in oxidation of

fiono-Fe**, directly or by means of formation of tho ioas H;.

It 43 bmown the yicldsof radical and molecular products
of vater radiolysis sre dopendent on the magnitude‘af lincar

onergy tranefor, 1.0. on kind of rndiatiocn. Although s number'

of soviot investigations hitherto crrried out in this toples

ic not large, thoy are of a ceritain interest. A.d.Xabakchi
J ot alo 20°%9 pag tavestigated effects of

X,-radiation of
ecbelt-60, ‘P -Fays of phoSghorus-32 and c{,;pa?ticlea of
plutonium-239 ¢n squeous solutions of nitrpatos in various
conesntration. Radiatica-chomicsl yield of NOE, according

to the asuthorsmoationed is dependent on the kind of the
Padintion. For inztance, under the sction of
. of Pu239

A ~padintion
6(NO,) 15 considerably less, than that in the cases

of Sﬁ-rayalaf 6060

and fa -particles of PSB.
Z.V .EPshova and M.V.Vlisdimirova

have studled the ac-
tica of alpha-particles of polonium on 0.8N aqueous solutions

l

—x.-“

of H2304. It has been found that the initiel yleld of hydro-
\

gen peroxide (1.2 molecules per 100 ev) is independant on
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‘T . concentestion of polonium dissolved in the raﬁgé of specific
activit.y. from 0.1 to 12 millicurl per ml, concentration Gf'
) : B0, tending to its limit velue. For 0.8 N B S()4 the egqui-
1ibricm 1initing vnlue of the 3202 concentratioa amounts
5--9.,10]‘a moleculos per ml.
B.A.Bruoontaeva and PQI.Dolin 81 have investigated the
éctlcm cf protcas with the eomcrgy 660 Mav on aqueous K-Bp |
ecluticas. Tao lincar energy trrnofer of the radiatica EET-
/k' " icmed is nearly to that of 1 Yov electrons. Tho work has
' \A’ Gocucnotrated that the radiation-chemical phenciona are dof-
O}pﬁm :v*“%imﬂ colely By the mrgnitudc of the linear onergy transfer.
¢ { Theo the yields ¢ (Fe'*™®) obtaincd im the case of aqueous
J N ferrous culphate soluticn and G (Hz) cbiained for KBp ablme
ticac of varicus concentration (Pig. 1) have besn found by
tho menticasd aultbors to bo approximately saual to the core
rocponding values obtained under action of -radiantion of

¢,

Pilg. 1. A.K.Pikaev and P.Ya,Glezunov A2-37 have stuﬁied radio.

ﬁ lytic transformntions in aquoous solutions of several inor-

| ganic eczpounds at high dose rates. The l-gttez’-have been

achievod by means of puleed electron radiatidn; thealectron

sﬂ:"\ ensrgy hae been 0.8 - 1 0 Mev; the pulse duration -~ 5 Ji.sec.

03\ L)* ,}51 m«, lbo Ea&lolytic coaversions in aqmous solutlons of ferrous

A k;(\"l:;uﬂ,‘w w smlpha%e and cerlic sulphate, of the mixtures of Ce***+* gnd T1*

0&; (;:. %S‘M gulfaten And alse Ce**#* snd Ce*** sulphates have besa invest-

- '\l\. A igeted. The Fig. 2 indicatos the dependence of G (Fe***),

5 xr)\-\‘f\(.’\(."1 3 (Co***) in the abaence of T1* and also G (Ce***) in the

1
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- presence of Ti}upon dose rate, obtained by the authors. As
cne can see from the Fig., 2, the rppreciable wvarlatlon of
i yiglds takes place at the high.dose rates up froa about
1021 ev/ml. scc. For instance, G(Fe***) decronses with in-
~epenae_mf the dose rate, whoreas G (Ce***) under the sams

conditions inerescos. This is cnuszed by the fact that at the

dese ratos up from ~10%% ev/ml. zec. and higher the prccesses

criginated by overlapping of ioalzing partlcle tracks begin
to play a significant paPt, changing the yields of radiolysis

preducts of water @ (H), G (OH), G (Hy) and G (HpU5).

In the papers menticnsd abave A2=37 it has alac been

chserved that at high dose rates the importance of competi-
tion batucon Padical-padical and radlcal-sclute renctions 1s
angz;’.enteda The Pig. 3 shous the dependence of the yiolds of
redlolylic conversion!in soveral gystems upon the concentra-
tica of dissolved substance a$ high dose rates of radiation,
_ foued in ebove nentloned works,. .
Tae maeh;nism of radiolytlc tréneformﬂtions in concen~
trated soluticns 1s a problem of %to-day. In this cace not
cauly the effects of radiation caused by the actlon of untep
radiclysiz products én the dissolved substance take place,
‘but alsoe dircet nction of radintion on it 1is imvolved.
———————— AellKabakehl 4s one of the first invectligators having pro-

38
N posoed the conception of the direct action - He has choun

that in the rediolyasis of aquesus chloride soluticn molecular
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ehlorine is formed, tho yield of which increases in propor-
tion %0 imcreasing sclute concentration independently of the
kind of Padiatlcn or the ecation nature, |

A different point of vievw has been suggested by H.A.
14,23,24,33-43

- Proskurnin et al. + According to their hypo-

thoole the high concentration gives possibility to rnddcals
originated not only from ionlzdd molecules of waler, dut
also frca excited molecules to be involved in the radia-

tion-chemical roactions. In Wig° 4 the deperndonce fourd by

f

the authors memtionod sbove ° - is shown, betwesn the yield
G (qu) and concentration of HeNO; solution. The radiation
yiela ¢ (Noa) increases uith avgmsntation of RaNO; concen-
tration reaching a comst¢ani velue in the reogiocn «’:‘»..1.()"4'--10"'2
Y. Toe muthors have suggosted that existence of this slight~
1y ocleping cogrent of the curve can be explained by involv-
iag of practieaily all the H~atoms formed in the reacticn‘
with nitrate-lonesz. Ia the more concentrated soluticns the
?ield G (NO8 ) increases again, and for the 1-6 X soluticas

24

Potains conatant. Acgording to the

authors the incroasc

of the yield G (Noé) in the concentrated solutions is caug-
ed by involvement in’the process of the H-atoms originated
frenm both thoe iorized and sxcited molecules of water,

It is H.A.Prosiurnin who paa diascoversed the radiaticn
censibilizaticn phencmena described below, If in a solution
ane 2dds a substance ecapable to Inﬁéract easily with one

of the rédical radiolysis products .of vatep, there are

¥
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croatcd conditions im vhich rhother radicnls are wore Com-

pletsly involved in radioglytic conversicm. In the case of

14,39,44

nitrats oystom according to such subatances are

glycerol and gld@ﬁ@bo Being acﬁiva gcceptors of Oli-radicals

. thece proemote @ (NOy) to be highor.

Tae curve 2 in tho Fig. 4 pepresents the dependence of

e (HO&) ca consemtration of KaNO; sclution in the precence

¢f glycorcl. Haro the yield G (NOg) in the cass of highly con- -

contratod soluticas peachs a vealue of ~b ions /100 ev, vhat im-
plicc imvolving of all uater radiolysis products ino the re-
acticn vith dicsclved cubstARCE.

Roeontly, H.A.Procturnin ot al. 48 have p:oposad the
hypothooia according ghich there sre tuo kinds of exclted
moloculeos of uster differing im level and type of éxcitn-
tica. Tais hjpo%hesia can ezplain the existence of threo
liniting éalues of the radiolysis yield of dissolved sub-
otence in depemrdemce in varicus conditions of padiolysis.
in the cace of nitente aystes, as it was mentioned sbove,
the limiting values of G (HO;) are ogqual to 2, 4, and 6 iona/
/100 &v. |

Radioclynic transformstions in concentrated aqusous
oolutica havo beoa investigatcd by a number of another 80—
viot cclenticto. Thc work of Lo ToBugaenko and V.N.Belevsky ®
acdicated to the problem of direct metion of radintion on the
geoecntrated pcrahloric acid aqucous solutions is of = certnin
intoraoct.

Ao 1% hao boeca found by AeAeBalandin, V.I.Spltcyn at
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al. » under the offects of irradintica ca aqueous solu-

tlcic of a several complex enlis of platinum the presipita-
tica of =3talic platinunm takes place, product having =
higher catalitic ability in the lov-temper~ture rezction

- of ayclchexene hydrogenstion. Palladium black prepsred on

radiation-chemienl mothed differs, according to the same
48
authors o by its catalitic proparties from the material pro-

" paPed in conventicnal way.

Radiolytie trancformatione in mnucous solaticas of
plutcaiun have been exrmined by H.A.Pakh and collasb. 49’50.
Ssvernl papers of soviet authors are devoted to radiolysils

6 Quu g e
of aquecus scluticns of mraninmlg}f .(Yoe.Firsov and B.V,
Ershler 51 exapdning radisticn-chemicsl reacticas in aquoous
scluticas of uranivmy {IV) have found that under the actliom
of B‘-—radiaf,ion of Go°° padleals OH mnd hydrogen peroxide
are zesponsible for oxidation of U*'—ions. As concentratioca
rices, the oxid?tica yield at Pirst incrences and subssquenti-
ly 4c louered. In the precsence of oxygean G (UOB**) is signif-
icantly wore (16 €q/100 eov) than that in the degnsced s0lu-
ticasc. The suthors have deduced the equation describimg the
dependence of ¢ (Udg?} upoen 1 A coencentration, the ratio :
of the rato cons?nnis of the three reactions (U*4IIFBE:_E’:*6E1
srd H + H) being 1nvolvedo

G.F.Yakovlev with eollab. 5O examining the effocts of

241

inhorent gL—Padiatioa of Am o the valency atate of amari-

cium im the aquoors sclutica heve found that radintion-

—~chomieal reduction of AmO,** ions in a considerable degroe
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ig dependent on acidity of the solution as well as on nature
of the acid, Yor exemple, in the concentrated solution of
perchloric acid the yield G (Amog**) is appreciably lover, than
that in diluted solutions, The reduction of Hp024+ iona in
aquoocus socluticns induced by elsectron radiatioa.s4 is sloo
Gops-dent on the factors mentiomed above. It is ¢f sn interest
that, frcecm radiaticn-chemienl point of view, the pentavalent
poptunium i3 more stable than otheor valercy states.
Radintion olectircchemical processes in aquoous solutions
have been an object of several uorks of soviet authors.
E:.A.,éakh et sl 22, 55 have examined chahge of oxidation-
~roduction potential of several compounds in agqueous solutions
updor sction of ionizing radiatlion, Extensive investigemtions
of radiastica electrochemical processes have been carried out
by V.Il.Veselovsly and collab. 56-61. That in the works of
tho latters it has been discovereod that the potential of tﬁe
plétinmm electrods in irradiated 0,8 N sulfurié ncld solution
caturated with pitrogon reaches a value clooely approximating
to the reversible hydrogen potential and thq potential cf the

-

gold electrods becomes squrl Lo *0.95 volt, | '
D,V.Kokoﬁlina, P.I.Dolin and A.N.Frumﬁin 52, exanining
behavicur oflamootb platinum electrcde in the solutioa of
sulfuric acid in uide range of doses absorbed and dese rates,
have bcecon proﬁed thrt the potentlial of platinum electrode in
trradiated 8.8 N sulfuric acid is controlled by the molecular

radiolyocis products of wvatcr accumilating in solution, i.9.

by hyé€rogon amd hydrogon peroxide. The padical products of
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radiolycis in this case do noti play any appreciable part in
potontial ostablishment on platinum. A similar conclusion has
been droun by S.D.Lovina and T.V.Kalish 83 from sn exacina-
tica of the behaviour of nickel electrode under irrsdiation.
K}h&gainlng tho oxldaticm-reduction reaction Fe**—p>Fe' ' undoer

irradistica P.I.Dolin and V. I.Duzhenkov o4 have proved thse

i potontial pcosibllity of utilization ithe products of oxida-

| tica and reductica in aqé%us zoluticns for the purpose to
trenoform cnergy of radinmtlon into eleciricsal energy. In
othor words, the possibility of coanstructing padiation-calvanie
coll hac been proved. Ancther solving of this problem haa

beon ciated by V.D.Veselovslky et rl. 59

. They have employed
tho Pt end Au cleetrpcdes having selective properties with
roopeet to ozidisiag and reducing agents formed in solutiono
wder L?radiatiaﬁ:é)

Thefe are 8 nusbor of soviet works examining the 1nf1uence'
sf icaising radiatica apon the corrosion behaviour of matals
NS in verions media. N.D.Tomashov, A.V.Byalobzheak&.é£M51¢ 65
havo studicd the effecis of electron radiation.an corrogicn
of irca, stainless steel and aluminium in scdlum chloride solu-
ticas. A.V.Bynlobzhesky 56, 67 has exsmnined corrosion of metals |

—

undor irpadiation iu air. The corrosion of gseveral matals

N undey irpadlaticn (by fast electron beam, B"-Pays of Co°°,
X-rays) bhas ﬁéés found by him to be appreclabdly accelerated
by icmizing esdiation. The metals examined can be arranged
in the follculng ecacequence: 1rom - copper - zinc - aluminium,
tho coPreoicn strbility incroasing. It has been suggested im

the worlo canticoad above that thoe corroscion intenaifica%icn
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under irpadiatiocn i3 caused by formation of radiolysis products
of oxypen, water and nitrogen ia the air. |

I,L.Ron@nfeld and X.K.Oshe 68069 have examined the ef=
feeto of electron rFadlation on‘electrochemical activity 4ia
variocus mzdia of girconium and titenium covered wilh oxide
£ilns bBaving somi-conductor propertiesqigiminution of snods
and eathede remction overvoltage and incrensing of rate of
those roaction have boon found. The effoct discovered 1s rever-
sible: stopping Gf_i??adiaﬁion londs to return of overvoltage
and rates of ancde and cathode renctions to values closelg
approximating to erigimel eaea,'Another phenomenon of an in-
toroct diseosvered by the auithorgs, is the fact that under ir=-
radiaticn bohaviocuwr of metals coversed with semi-corductor
filos of p-type snd of n-type with respect to anade proceoss
i quite different. Vith ?aapeet to cathoede reaction such a
difforente ie not dbaered;mK

Tho corroeslicn bohkaviour of seversl metals under irradio-

ti0on has also been sttdled by Ya.M.KRolotyrkin et al, 415 70.
: &l
For oxacple , they have investigated the eoffects of 5’-Padia-

tion of Ccﬁo

(331 elocteechemical‘prOparties and corzosion of
steogl, nickel and platinum in sulfurle mcld. ft wAas establisi-
cd, in the case of steecl and nickel, that effect of irradia-
tion 18 equivalent %o nnodg polarization. Thé authora havao
confirmsd the conclusicn by V.J.Veselovsky with 00119bor.56-61
about establishmant in sulfuric acid the platinum eloctirode
potontial closely appPozimating-a potentinl of reversible

hydrogon electrocde.

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8




Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001 8

3. Radinticn chemisiry of simnle inorpanic moleculen

A émmber of works by soviet authors is dedleated to
gtudy the padiation-chemlcal rFeactions of simple inmorgamic
moleculoen, The attentior to these iavestigations has been
attracted, first of all, ocaing to the fact that the exemina-
J ticas of cuch reactionsallous, more successfully thean in
.caoes of othor ccxpounds, to correolste the ylelds and kinetics
vith ﬁcnlza%iaa and excitation potrenritials, dissocistion energy
and othsr paramatcrs of irradlated materinl as well as to
etudy the offect of phasce state on radioclysis and to coreslate
ralintioce~-chonical and photcchomical procosses.
Tho moot ccmplaete investigation in thils topie nocomplish-
¢ by soviet chomists is zadiaticn chomical oxidation of nitro-
gea vith the exygen. S.YR.Pshezhetshky and H.TcDmitriev LT 7
have oxasmined kinetics and rechanism of oxidatidﬁ"ﬁf‘ﬁitrogen
tnder the actica of electren impacﬁgrhitragen pressure has
boon veried frem 102 to 1070 ma Hg, electrocn energy - fram
units of eleoctrom-2volis to 200 KeriFormhtlon af N;-ions

-—

appoars to be an intormadiante stage of the reaction. Kinetlcs

= _ of the reaction iz doseribed by an equaticn of the second

J order, metivatica cnergy being in the range 2-7 keal/mol.
T ELate?, H,Toﬁmiﬁriev and S.Ya.Pzhechetsky 8 have carried

cut verk on axidation of nitrogen induced by X’-radintien

of Ccﬁo gnddr? pressuros up o 150 atm. and st tenperatures

15-25° ard at 160°C. It has beosn observed thst increasing of

preosure frem 1 mn Hz %o 760 m Hg lovers thg oxidatlion reac-

tica yield, but st the Turiher increasing of pressure the

o i e
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- yield Aincreases, resghing the magnitude of 5-6 molecules of
A0g per 100 ev at 160 aim. The yie}d of H;0 at 3-50 atn at
f i60% 1o 2.5-3.5 moi/lOO ov. The dependénce of the renction
I rato on ccmpoasition of mixture obeys to an equation of the
cecond order. A deviatlca from ihe egunticn of the second order
rao beoen choerved for the dependence of pemction pate =and yleld
oa tho prescure, beesuce of rccerdination of ions formsd under
irradinticn.
Roéeatly HeToDmitriev and S.Ye.Pshezhetsky & have exam-
irned the tramnsformaotien oceuring in nitrogen dissolved in
vater undor metion of Tr-yadiatien of Cot0 and a beam of
frot electrone. It hao booen found that nitrogen dlesolved in
vater éaﬂar irradiaticn is fixed in form of nltrate, nitrate
anf armoenis. The yiceld of the rerction ls dependent on s come
pesition of mixture.of gms dissclved snd 1its pressure. For
insdancto, the yield of nitrogen fixed is 0.09-8.18 at 1 atm.
; émd 1.0=1.4 atexms at 180 aifw.. per 100 electironvolts of redia-
ﬁ ticn energy sbsorbed.

8.Ya,Pzhozheteky et allzgfys have also studied the for-
ration ¢ ozore imr liguld end gasecus oxygen under action
ot K’-Pediatlon of Co60 ard fret electron stream. Excited
mologulos of oxypen have been proved to play an important
rolo in thz roactlon. The Padistion-chemiceal yield af(%bne
ic 12-15 meolceules /100 v in the ease of lijquid phese =nd
1.5 molseules/100 ov fer the gaz.

Brdrazine is formad umnder the action of frat electiron
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beam on llguified amnonila ™ s The latter process is charnec-
terized by etntlonary hydrazine conéen;ratlon oring to the
equilibriuvm boetween rntéa of direct and ?eversé venctions,
the yield belng 1.0-1.2 molecules/100 ev. N
T It has been studied the kinetles of hydrogen peroxide
'dégéépoaition depending on its concentration in aquecus sola-
ticn under sacticn of Y -radiation of 0060, ultzaviolet 11gpt
: ac vell ac tho mnmlognous dependence for the rate of the
“thormal decosposition 78° The rnte of the roanctlen as the
i consentPraticn increages has been ?ounﬁ_fo have allirmys a
i paxiwum, It has slso been cbaerved that the rats of>tne radlia-
'ﬁiwanchemlca} perction is propoertiocnsl to squmre root of radin-
tica intenslity. The éctiVation enefgy of the radintiocn-chem-
i ieal resction is 6.5 keal/mel, that of the photochemical re-
‘ action being -9 keal/mol. The yieid of the radiation-chem-
1 ical renctlion is dependent on tempernture. Dependence cf a
E degree of electrolydic dlssocimtion of NOy-radieals on the
i concentration of the solution i3 proposed in the paper for
explanation of kinetics of the renction of lglsy decorposition.
Seversl papers of soviet authors deal with investiga-
tican of efreeits of ionizing padiation on solid asubstances,
V.l.Spitsyn et al. 79 phave examined decomposition of
solid cémplex cgmpounds of platinvm under the action of

electron radintlon. In these cases Pormetion of free mstalic

platinﬁm uag scestlimes observed.{fhe'msgnitudes of the initial

=

yicld of m=tnl are represented in the table 14 The data

of the‘téble show that a degree of decomposition of the
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cooplexes 18 dependent on nnturs of the srlt and epace lso;
ezoriem. FoP instance, ¢rans- [Pt (Nﬁs)g C12] hns lower ra-

dlation~chemical stadility, than that of the eig-isomsr. As
1t 1s obvious frem the Fig. 6 and Fig. 6, the dogree of Ge-

compesitica of the coxplex salts romains unchanged at the

S
-d}&jn‘ﬂ Uﬂ §igh integral irenrdiaticn doses. In these conditlions the pro-

ba

€ocs ofcra-oxidation of free metﬁlic platlnum by qtomie

- eblorine brougii aboat with Padiation—chemicnl daconnosi-

tica of the coapoundo conceraed has npparently a. aiqnificnnt

. BePto
. L - ZTablg }
-Tihe initigl yielda\Of free'm@%ﬁlﬂe nlétigg@ o
at_irradintion of commlexn gompounds
'Ccmmonaﬁ ' _' | Initial G (Pt), atom/100 ev.
%, [pecr, ) - 0,018
(vm )2 [Pwl ] | - '. L :'.»0,114,3-
(55, )p EP_tCls_J e 0,090
. - ) ’ e
[Pt (NBS)Q] Cly S C . 0.047
[Pe (miy)g o1 )~ets © < O 0,036 ...
[ ¢ (m), 01 )-trane - 0.338
He AcProskurnin et al. have investignted the effect
- _— o 60 KCeo, ) :
of B ~radintion af Ce on solid Naﬁosgfa%d.KCloé 80‘8?,

a3 Well go om cryatalliae hydrrtes ef nitrate salts 83. A |

83 -
Paps? is of a certain interost deseribing the effect of

deoe rate of Y -padiation of €o%0 1n the reglon of 0.2.,1016

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8




Approved For Release 2009/08/27 : CIA-RDP80T002462A101 1800110001-8

e '
: to 4.,1.1016 ev/ml, cec. ga the radiolyols product yiclds of ’
cgverel eryotellips hydeates of nitrate salis. It bas bosn
proved that a minimom oo the curve exprecsing the doperdones
; ef ¢ (mo;J tpon dece pate Lo a charactorietic foature for N
' all eryotallims hydratos examined, tho positicn of the mime
‘rw_ | ¢ imum Being dstormined by nétaré-of the cation. The eryotal-
line hydratos are repe semsible to the astien of X-?ad:la-
tien than tho cerregpording enhydrous gelta.
¥.V.BolGyrevy et gl, 84 have conesidored the effesct
of prolimivary irrediatiom o¢a the pate of thepmal docemposi-
: tion of silver omnlate econtaminatod vith eadoivn. The proli-
j minary irradiatica wigh X:@aya ef ceﬁo‘hriﬂgc abcut an ipe
g ’ tensive sceclepation of the oubcoguoat therral Geecomonition
. ¢t pupo ailvo? mxa1éto° Thorrmal doccrpositicn of the calg
. ecataining tracoo of smdmivm ig aceeleratod, too, but in a
censidorably cmaller €eopgree. Om an cpinien of the amthopg
the phoﬁﬁ:enaa io eauced by tho formation in the prescése of
cadrdum in erystal lattice’aﬁditimaal nurder of sation vacan-

. eles, whieh ean trap positive holes er argontunm eatiéns frea
! interctitinleioo,.

4. Radiatiecn cherigtry of organie cerwenandg

e reactions of mrgapic coxpourde induced by ionizing
rodistica arPe objects of rocearch work of a mumdor of soviet
| invostimtors. The works are carpying on in aseversgl dirscticns,

85-92
J ~ A.V.Tcpchiev and L.S.Polak with collaborators are

eaw?ying oxt the gyctematic investigation of the offects of
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Xv-?adiaﬁiaa 2 6o®° ard o7 fact oliectron berm o hydre-
carbens in gacoous, liquid spd golid phages, Based om expore
imsuﬁal data the follcuing pocalble types of iaitial radic-
lyaia recacticn of mercald alkaaes have been euggeated in thelr
poperc. ,

R & H

ﬂjﬁ' Rn_ - Rm

RH ¢ o-> Rl

N ‘ oty
i : .

~ Ezeciratich of ESR-spectra of irrediated at 77° K 4m

frecca otote m-heptane indicetod the escerence of free alkyl
radicelo end olso o H-atems but in a smeller nucdor, It hos
ﬁeeu prevod that thooe redicals can be kept at low temperaturpe
ove? & long poricd of time,

I¢ Bac beon found by the muthors msntiocmed above ag
Gell ac by foroirn muthers that the total vield of the radio-
lyoic preducta of hydroearbonss at pPoom temperature ic abougt
10 mmloéulec/loo QeVop the predcminant process being dehydro-
gonatica. The cxamimatiom of ¢he radiolysis of n-heptars is
the moot dotalled. AS irradiaticn of m~heptane in ordinary con-’
digiens the gaceocus radiclysis products contain about 80 %
of hydrogen. Tho Pest of 20 % includes saturatod and uncatar-
ated kydrocarbons. |

In ¢ho oorics of coviet imvestigations in radiatien
chomiatey ef hydrocarbons those of radiaticn thermal ?rack-
ing of hydrocarbeons are eof 2 significant interest 90-92, It

Bac beon found that at siraltamcous acticn of Padiation and
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- Beas echtont 1o moted

bead the chain reactien of craclkirma cseurs, imitiaticn of
the pcactica beimg caucod by rediatica, uhilc propagaticn of

tho pcactica dodng mainteinod on mescunt of heat energy. Fop

~

Angtarzo, 00 020 cam cee im Piéo 7y irradiaticn of m-hoptane
at e}cvatcﬁ tcoporatures leads to the sharp irereasing of
gﬁelda'ef hydpecarben peodmstof@f radiclysic. HMoreover, amoag
the predustc of pzdlelycis em incroaco in unoaturated hydrocar-
(Fig. 8). Cr2 con suppece that the padio-
tica thormal cracking of hydrecarboas chould be r perspestive
eathed oo rogerdo to vwoos of mecloar rpadlation in the practice
PRPPEIOCTo '
Another bransh of padinticn chomistry of oPganie corpourds f
2ovoleped by the soviet seientiots is otudy of radlatica in-
dusod axiéat&ca preeonnes in organliec oyatenn. N-A.Bakh with
e@llebﬂaogs- DEé?o carrying en 0o root =2thedicsl rosearch
in thic ¢epls, vrdop utilizotien of divé?ea_types ef radige.
tlcns E-poysc, };—Paéiatﬁea 2 00§°, faot electrons, mixed
rodiatica f a EEGIOQE roactor. Authors csnticaed abo?:]aro

95-24 5

£irct to bave feumd that under irradinticz of ligrid

hydrcsarbens (hoptons, icoeetans, bonzoae, eyclchoxars, ote.) |

caturated vith anygen the oxidaticn of the hydrcoardens at

rog fterperature cscurc govsrating poroxides, earboayl com-
pcarda, alechola, acids, ote., the formation these cozpounds
belinp oiznieaneeuﬂ right frem otart of irpadiation. In the
cooe of Eyﬂrcaafhéns in gardinery ccaditiomns the reaction of
aydatien 1o wot ehala reacticn. Fthyl alcohol and aeston,
colegnles of chich contein moro moveble ateas of hydrogon
are cxidizod em the chein mzémaaisa with short shain. The
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fo&%ﬁi&g schoma emggaatéd by W.A.Bakh, fer explanatica of
rodiaticn induccd orxidoiion is based cn the suppositica that
poroxide radleals can be formed by addition of oxygon m=olee-
ulez to the free hydrocarbon radicalég,The simultanecus forma-
tion ¢f the radiolysis preducts iz caused by occcurence of
-ocz parsallel renctions of the poroxide rrdicals of ome &ype

oF by simultancous formatica of the various peroxide radicals:

' T \ B.+ ~0g—~ RO |

| B RHE —= ROOH + R

s M -
"RY - ¢ = B¢ —R? _ C-r -—?R'.—g_-R" + ORTY!
0-~0 ) L '

-3624 rR? —— ROOR’

Birndical B , vhich crn also arise under irradiation of

mydrccérﬁcn, interacting vith oxygen gives =n molecule of acids

, 0 -0 - 0 0
| o L . I N I
v I Re Op—>RB = {l’ —>R—— €C—0—>=R ~ C - 0A
i ‘ l .
| B H
]
i

Oxydation of wmothmme by oxygem at rocm temperature under
\ action of fact electron beam has furthermore beon studied by

Vo : 100-102
\ BolM.Uikhallov ot al,. o They have not observed any

gl ity o rm s

| chain poaction of oxidatien, too:w
R o He AsRaklh a8 well as M.I.Pro;;;rnin are carrying out in-.
J vectigations of éﬁdiation induced oxlidation of orgenic ccm~
T pounds in aqueous solutioms, In this case oxidation 18 msin-
ly caused by interaction of radiolysis productas of solvent
NI vith dissolved substancea. Hepce the oxidaticn can here tale

- place even in absence of molecular oxygen.
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’(’ 3. A«Proohurnin ot al. 5-164 have ccaducted a dAo%ailca

\ oxemicatica of padiatica chomical ozxidaticn of bensene imdo
Y N poonol fia aqueous soluticm. ‘fhoy have observed sm intoreoting
? phomc—sncas the yiold of phonol in preconce of Fo'’-feno can
innroace 3 ¢icos ag agmﬁﬁﬁ theo crdimary yvield and em@amtﬁ 8
‘msleemlec/lcﬂ ev. I% hoo Boom also ezamingd radiatica indused
sridatica of chlerbonsors in aguccus colutioas 105. It kas
i beea-pes&cﬁ mydpcmyéis af chleorbonsone plays an icpocrtant
1&. part in the pediclycic.

1C3
i HoA-Eakh ot al. have invostigated oxidntica of ethyl

: ac? locpropyl ether in aqueono soluticns uwrdor eeticn of
\ I~payo and fast cloetiren beam, In thoe preconco éf oxygon the
i
’ prCCons of tmeip.ozida%ﬁoa progced by chain c;ahauicao Pro-
1 dueto o the rPcacticn im both U0 eaceo are perczideos {the
! 73014 1o abeoat £0 roleculos/100 a.v. ), carbonyl eo—peands
(20 7i01d 80 abcut 25 coloculos/I00 0.v.), alcohols and soido,
A% higd tciporatrod; ac it has boon choun by N.M.Bn-
ausl 07 opd o AoProchurnin ot als 10@°109, choln oxidatica -
¢f hyéroazrbans andcr aeﬁism.@f rodiaticn takes placo. Fer -

Anotarnso, 4t has boon oocorved Mot unidor aotica of 5’-2&&13—

; $icn parceifin in tho procorco ¢f oxigon ie effestively oxzi-
f &iced at 187-330° € gﬁv&mg fatty acldo. The prcscos of oxie
- \ datica presccd by Wio dogonoratcd chain-bramching wochaniom.
N ‘ Becontly V.A.Bakh and Tunz Tyan'-chzhen® 210 have ezam=
—T, ivsd o terporature deopondoneoe of radiatica~-chomical ézida—
tich of m-hoptane and D~-ROZaR%, For Doth hydrocarbons otudiod
thero /PO U0 roglons of té:poyatmﬁa doperdcnee of tho gield
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¢ exfdatica produetsc. At tho termorature beles 70° € conil
yiolda and ﬁaﬁspg:ﬂemgo ¢a termperpaturo are cboerved. At tome-
\ perattmo sbeve 70° ¢ho yield of raodiolysie producis oharply
\ incrcaces with tczporaturo, Poaching in the caese of pororxides
E the vales of 30-40 molocules/iCO e.v. In the case ¢f radia-
i tica imduced onldsticn of n~alkeren as it has boen choeum im
2 the poper miaticnod, intorforence of chainm ard ordimary romo-
E tien pséﬁeaiam is a dicztinctive feature. Tho teapoPataro, at
E chieh the choin rcacticn are initiated, ic deperdont ¢3 mature
{ of lrredieted cezpound,
- A morber of soviet ecclomtiots are studyling the afféc%a
ef 1cnising rafiatica on mizturo of mygaﬂic compourds. The
| UCFz 0f KR 3.Bamdacarien vidth eollobop. 111-113 io of a cGde
cidorable thecrotical imterest. Examining B’-radiatie& ip=
Qused dcescprositica of bonocyl poroxideos im various solvonrto
the suthceo rmanticssd sbove have found that im benszonme colu~
ticoo offectlive trepofor of czeltmtion energy £rem Donzomo
eoloeulos to poroxtdo moleculos eseurs, lmereasing in a 0&@-'

nificant degroe the radiaticn ehemieal yiold of ito doeay.

- eraa s .

— ?ey reacticn B%ﬁdi@é oxeitatien emorpy tranafer 1o cdeoorvcd -
if roleculoa of both the ecnotituents of the goluticn hove
- . mpPczatic groups. For exarplo; im cyelchoxane amd othyl scot- |

ato coluticas the cnergy tranafer £rem soluong 4doos not ce-

cur, onfd o choln ponction of decerposition of peroxido 4 f
irfvecd By radicalse feorxcd vrder irradiaticen of seolvents.
HBouover eny olople cerrolatica botuveen structure of molo-

| - eumlec opd itc abilizy te accept the excitation onsrey doos
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'V' ’7& not exioct 113 o FPor ezarple, azcbensonse deeo not eecopt tho
f oxcitation omerpgy, althoagh 1tc‘a@19cmloa ceatelin two pheanyl
[ Pingo ecnjugated with deuble bord, Boms ce-poupde boelng ae-
tive ceceptera of the onergy arc megligibly capable or cmea-
pmblé at all to uco the enorgy ‘Tor chemieal tranoformatica.
~J ; - Per inotarse, cueh n @C:ﬁﬂhd is phenylacotriphonyl c3thane,
! vhielh dcos not diccocisto cn padieals, umder acticn of oxel-
f tatlica coerpy acecptod in cpita of the faet that thio rogo-
tiea ceeurs coolly uzmdor tho acticn of heoate
In the pocomt papcy mf R, S.Bapgdasarian et sl. 114 oxR—
nicatien ef padioclyocic ef dilutod benzome colaticns of opganic
@iculiphidon ecntalning aromatie and aliphatlc subatitucnts
- has becr @oceribed. Duo to the radiatica emerpy tramcfer
: £ren tho colvent to ghe disooclved ccumpound, tho yteida af
| éeecpesitica of Aiculphidos have boon found to be cufficicat |
: 1y coze high then the ylold being expected in the cacoe Uh@n.
| all actont of emepy abeorbed by them would be spoat ec&plo-‘ ;
toly for thelr Gocorpooitica. The snergy tranofop officioncy
hoo beon fernd im the uverk refercd to be decperdent en tho
zature of the dicalphido., Thus, diphcayldisulphide and df-
bonzyldiculphifo are approximately identieal cnergy 11,70, S8
torg, while cecopting cepaeity of dibemzcyldisulphide ig half
‘ ol that of the formerc. Aliphatic disulphides (diethyldioul-
> ] ' ﬂmy&ﬂaé? icztyldiculphide) manifest more levw deccospositics
| yicldo thon these ¢f arcmatie dliculphides, due to ¢tho ecn~
“~—- . ci@orably cmaller intermelccular emergy tranofer efficléucy.
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A nrhor of pepcPs havo been publiched by coviet auth-
crn, dealimg vith redistico-chemiecal halegenation, amidatien,
et PoVoZirkov ot 810}15 have examimod offcsto of 'E'-?aﬂia~
tica o € o ehlerinaticn roscticn of bomcons im tho Gome
poraturo roglien fren -80 0 +40° C, The rediatien chemieal
chlerinaticn of boarcno hac Séem fourd to prezecd ulith tho
yield ef 400CC00 —oleceles/l00 e.ve, the roculting catorial

having lovatcd eeatent ef bhih-torieal Y;-iscmsr ¢f haxe-

| ehlcoeyelehomors in earparicen vith imductriel predect ob-

tminod Ty photeskomice} cathedo
Tho offests of lcnizsing padisticon on nizdturegs of bonzona -
~cmonla, bonsoro-carbon fotrachleride, akrd bonscno-sarbdem

totrachleride with ecmourds ceataindy Fluerine have boon

116-118
granincd by A.il.Zimin with collabez. « Ia the pixgture

@ bensene ard eroinia wndop Yr'-ir?adiatncn aptilino with

a =2l yicld 4o forrod. Im the eaco of the benseno-carbea
totrachleride cysten forraticn ef m@aoahlefobenzot;;;hlﬂyide
bao boon edcerved (parallel uith gern ethor radiolycis pro-
duets). Im tho mix%éreo of CCl, vuith incrgemie fluorides

and of bomnsene vith cimplost flucrearbeac flucrieatica ef

0814 erfl of becascze trkoo plaso.

P, V. Delammtcpenian o% 319119 kave studicd chleorieaticn

cf olliecen~crgrunic Coneraro and polymsrs urdor effecto of

j; ~7edistica, In anothor pepor of the authers monticnsd 120
cediaticn chemiesl culpheshlorination and culphooxidatica
€ poraffing os woll es scme polymsrs are deseribods
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Poccarchos ¢a uorking uvp of padiaticn-chemieal motheds

of opganie syathosio are earryimg cut in this eounley.

121 - -
K.A.Kczhaozhhiov ¢t al. have prcposcd tho radiationecho-

mical mothcd ¢f proparatica of tin-orgnaie compousds. Vol
128
Spitoym ot al. have ucrhked cat radiaticn chemical gy

Ni thesio of batyl other of phocphentiryl ehlorido. TR roacge
' tienm presceds vwith a goecd yisld under metion of faod olog~-
tren boen on coluticn of phesphoniteryl ehlorids inm n-bugyl

as o "7 alechel,

Ragisticn-choicnl trarpcfermmticns irm Gyoo ard onbagtan-

-

eco ¢f bicehooieal intorest are aloo boirg studied by coviet
123
ehemiaeooKéfv.Voresemimcky hao exenined the gyathosie

T and trancforcaticno of lencc-cerpesnds of the dyos amdop

| actica ¢ Y-roflatica of co®© ae well ac the offeeto of

124
%r -rPodinticn en omtheoic of indcphorol o In a mucdop
126-128
af ooviot papero tke radilolyciec of mathylcome Dluo

; 9
v i in oqooezs oolugien ic deccribed. M.A.Prociurnin ot al. 12
f oze~ecd radloiytic docoloration of irdige carmine coluticno,
i A lappe reDer of investigaticne doals vith tho offcets of
lonicing radiaticr cn ovbetances of bBlologlicrl interoct, l.e.
180 . 181 132
proteinsg » amincacids e Carbvchydrates » arimal

fado 183, otc. Rediolysis of protoporphyrin has boea exsmir-

{ cd by 1.V.Verocehinoky 134.

6o Radietd olrmeoriza
BRadiatica polymasrication, at preceont, ranlls rother high

ameag the problers to be solved for the uses of lmnizina,

Eadiatiea in the practice. This i ¢alled forth by the fast
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that im the majority of eacoo the rpadiatior induced polyrmapri-
zaticn o 3¢ bas boen chewve in s nurber of paporo including
ez paporg ef soviet authors 135; procesds by a chainm cschah-
icm, the presego balng iritiated by free ?ahioals erising ~
under irradiatiecn of the nonemor.

- Rescarchos ia radiation pélymayisation are earricd out

in many countrios. In the USSR ¢he wverk in this fiold éenliza

AR VAYE , 136,135 139-14%,
v 8. 8, edvaedev ’ s LK. S.Bagdasarian 157’138, A.D. Abkin °
' 148
\ B,L.feetlim epd othor goviet investigatorc.

fooag ko reoeont Anvectigetlens om this tcoie that of
B.L.Tcotlinm, V.A.Sorgeev, S.R.Refiltov, V.V.Korchalk, P.¥a.
Tlacnacy end L.D.Bebis 142, ecncerning rrdiasticon chemienl
rolyrarizaticon of mo%hlemsthacrylate, is ef a goasideyable
J | %hoa?eticaﬂéma practical interest. In the precercoe of air
the mothyl mathaeryleto has been foumd not to bo polyrorized
andop netien of lenising pedietion. chovew; opcatanecas poly-
maricatisa ef ¢tho irradiated matevigl precocds at room apd
louer termoratnre to the high dogree of the comvercicn, rfter |
tho aeeoso to the matorial of the acdieat sly hao been otop-
_ ped. Investigeticas of the polymsriéatioa ineties of irpa-
— o dieticna and gt varieuwas ¢cmperatures, irdicated thatq in ¢
£i050 degree of approxicntica, the process by its ehapscter
T io iGcntical %o polyrsrization process of peroxide type and
anetlor typos ef padienl pelymerizatica, On cpinicn of the
authero of the paper eited, tho polymorisation prescce 1o
indtiated ty products of rodiaticn chemical onmidntica of
T2tlyl Cotheerylate (probably pe?oziﬂea.forﬂsd by intorae-
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tlon of pricary frec radieslo with oxygen). Being high active
shooe products create poosibility the lou-temperature polyme-
- “pizatien to be exccuted. The feature of interest is the fact

the eurves rep?oeenting polymerization kineties are in this

cace Core omeoth in comparison uith those in the case of poly~

rerisaticn by Lenseyl peroxide. The "gol-offect” 'in the pro-

nPee of ccnvom:i«m 1o cebhlievod and the ratio of the raximwm
, .?@ae%ioa rate in tho oolf-czeccloration oftapo o the initimd
ﬁaﬁo i}g ef conller valeo. TR eurves reprosenting thoe depom-

W
." Jj\& c? patlio of poly—orizaticn rate in a given mo-ont e

% W ‘} o dnitind rato wpea rolative duration of £ho proccos are
" ;YL:#F :h%?m im Pig. 9.
i Do (’\P Roecntly tho paper of S.S.Modvedov, A.D.Abkim vith ool
* ? ”@:}‘ ,@f abo K3 abous p@lgvmﬂ.;a%i@n cf ethrilons undeyr F—md&a%ﬁm
X) »e} 7 60°% peo pedlichcs. In this wvorks tho rate of radiatica
¥ polgcopicaticn of @t_glcm in gcluticen arnd in paoecus phacs
: ‘Mf‘ Veneoe vorleno proooures (econecontraticas), as vell as s
, t()/ ‘;#_ t:"'ﬂo pro3ertios of polycors forecd kave beon emamincd. At a proo-
K pure §0 etns, terpcralure 38°C ond doce rate 98 reomigon/coe
polyccricasicna of othylens im heptane, cyelchoxame, mathyl
alcchél and acotoa prescodo with o Pate 10 ti}::as exceeding
tho rato of tho polymarizatica in gaceoous phace at the caco
- pz’osz:sm?eoEm carbea totrechleoride tetrachlormlkanss with

. vyaricus roloculep voisht are formod. At the initial stages

caoses Gocorpided take plaece them a ccneideredly more high doe

-0

=%

tho preosocs prececds vwith asecclopation, further the rate of tho

prescoo boing eonctand. Tmoe rate of the prosesc is proporticnal
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g to irredintion doos rate in the pover 0.3, whiles tha radia%&ﬁa
yvigld de ﬁ%éﬁﬁexy proportional to the dose pate in the pouer
Oo?olibp‘raeultiag polyethylens pocsoeseos higher demalty
(0s645<0,576 g/ec’) med cryotallinity than the high prosscure

! pelyothyloncsd Tonoile sitrengh of the pelybthylens prepared
E&'P&dﬂation-chcmieal'mstkcd d{ffers 1little from that of the
high precoure pelyothylena. |

1. 8. Bagdacarian, V.V.Vogvedaly et al, 138 hovo care
ricd out invootigation ¢f graft~pelywasrisation vith (opeddal-

! | cAcat—davedMior e —<<i~efi-poirTardondten—oitt} dirpadiantcd

| teflons For clucidatica of cechanicm of the precess a mathed
of oslectron cpin rescaance hkas boen eEployed.

e V. Usmanov, U.N.lMusaev, R.S.Tillaev 1e4 have inves
tirated the radiaticn chemical mathod of preparation graft
cecpolycers in the gyetems polystyrene—-acrylnltryl and per-
chicevinyl-acrylnitryl. It has baeﬁlobaérved in the eaess of -
polyaéyreae ard merylaliryl thaf the peacticn prcoeeds in a

. pelyotyrerng £iln gwellen iam acryiniteyl undor radiatica vp
to dece 1.10°-4.10° PEIDLEOR. Proparation of graft copoly-

rors  on tho hacis ef psrehlorvinyl and acrylnitryl uas oC=-

ecplished by irradiation of a perchlorvinyl film {in pre-
cense ef mip) uithrths ccacsequent treatmsnat with acrylnltryl.
Ap 1% Eas been mentioncd, radisticon polymarization in
o cost ¢ encoo preeecds by a £roe padieal mechanlam,
"Heaeveyp reocontly 4t hrmo boon cotabliched that under certalm
ecii tiono (!og:ﬁﬁi lou terporaturs) pelymsrizatioa under
reticn of ionizing radimdica can aloo protesed by earbonium-

130,141 , _ ao
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troted this fact by copolyrarization in ¢theo cystems: igobufyl- i

\] ) ené—vin'ylmene chleride, styrene-mathyl mathacrylate, iocbhbute

NV Yleno-styrene. Recenily 140,-1¢1

the ?eéults irndicotive of poo~
8ibility for the veaction to proceed by a carb-;nioa mach-
emiém kave besen obtailned, Acryluitfylp vhich molocules coca-
tais an electronegative group, is polymsrlzod undepr acticn
. of Ty-radiaticn e Ge°° in solvents containing nucleofilie
| . gubatituentc (C.g. tricthylanine or dirothylformamids) dbat
is néﬁ polymorised ia the colvenis conialning electrofilic
mem (cemg. ethyl chloride)s Oa the other haed, in ethyl chlo-
rido oiyzeno ig polymarized.{i? the tablae 2 tho data dbtgimed
by A.Dofbhin and collabor. are roprescnted ecnceorning polyn:sri—i
“I- - z2adtieon of rerylnleryl in a various solvents at temperataré :

8% ¢ undor effocts of X’-raéiatieaa

Table 2
ﬂﬂqwumymgf Ccoeeatratien  Polymerization pate {mol/1l +10°)
. ' ef mCocRCMIF, : in:
ﬁ floncmor ool/2 . -

N| cthyl dyrothyl triethyl- in
N : chlorides fLormamide amine blesk |

Styrore 2,0 1,956 no polymerization

ACRY 1= 3.5 RC POly- '

niteyl rerizatlion 0.97 - 0.6% Q.31 -

IL eopolyrerization of acrylnitryl and styrenc in dimst-
kylfercamid soluticn is errpied out at -78° C, the reeulting
\ eopolyrsrs have found by suthors mentioned, to be highly on-
.\ ‘richcﬁ_py nitryl coczponent in cempericen with the originsl
N \ ‘nixturs. All theeo deta are indicative of possibility to
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¢t Lenising podiatiens.
Inventimadien ¢f coployoont of deadzing redinticn fov
preparaticn ef inorgenie polyrore are bogan By soviod celope
e .

245
080 Tano, Vel.Enitoym 0% e, have dezznotrated the
potential poosibility of pelymoricaticon of pheospheaiteyl - -

a
|
|
[
——— K chlerido cnior clestrea padintica, IS ic of imteront thad in

thio eaco pehymrbmﬁikc;a breecods enly in precoceo of SR 0T

6o IERcndn o Acninine padiatien e polvrarn

In tho 8302 £irot cyoltesatie investigations ef offcets of ;

RV redinticn e polycor raSorlals oero earPicd eut by V.A.Eargin

LEB-140
TAth ecdlnad, acosarning, wainly, change ¢f thormo-

-caehanical preportios cf irpodietcd eatorials. At procen

- fovoseipnticno in thie £1old ore Boimz cerricd cat by a audap

ef coviot colentiots, (B8.8.E0dv08ev, Tob.Karpov, YaoS.Laserhin,
Boko®cotlin, HeloBlovellotova, A.B.Tavbman).
N - VoboRarpav ¢f ale 300,251 otndiod cffeet of radlation
ca véeilc:m polyop cmbaﬁamooﬁo oy cpleyed rediatica of '
AArCorcat kinds fecinding of - ond ﬁ-—r?adiaticn of raden |
4 predusto of ito dlcimtogredica, ¥ -raciatica of ce?,

foot olcetren toorg, mired irredinticn ef nueloar PoREtor.

- X6 wag fouond gl‘-sa% all polymors can bo cubdivided into U0

pricciral gereupo. o polycore of the Piret group ave eharac-
topiced iy p.f:cﬁte—eo ef destructicn precesses, L.o. PUP=-
%JZ‘O ef polyror ehaime. o polycers, in chieh undey action

© Doccarehoo im ¢tho £iold ¢f rediation ckomiotyy of
pedyroro bad bosn beg&_m By V.L.Karpov im 1247,
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el il oy

ef ésﬁiatﬂcn preeose cf erccc-linbking predeninantos; L.o. for-

ca%ica oic'g chc:ﬁeal,b@iﬁa botueen imerenoleoetlos, constitute
tho ccaed greane '
€20 ovoletica ¢f polyrspo undor irprdistica was studicd

. 1g0, 182
Y7 VolL.Karpov 0% al, o2d g2 ecnclusiens ecncorning
ooehapicn ef rodlatien chomical rPeacilien in pelycoro vere

Cedeacd, Xn tho enon e erooC-linliing pelywsrs tho major pard

€€ man covolvesd 4o hyde@z@mo[f;mo for instanse, undor irradise _
Wﬂﬁ tlen of polyothylone thD gas ovelysd eentaine 95,5 % of hydre-

G Mo e Bo eofivcatien of the cagpostion that the
ercic=1inkiry prezcos paosea threngh intorcadiate otage of
fecradica £roo redicels by pomture of C-% bonds. Dasiructicn
¢? polyroro 1o COcorpved in all ¢the easos when ¢hoe eain chain
c? E:oeczsﬂcénio ccadeino quatornary earbon aters. Under

frrcddatien of cush polyconrc e ovolving gas is irpoveriched

in hydwesca oot eomtalns ecooidoreblo ezcont of cerpoumds

it

pocalting frea dotaching ¢f oide greumps ot quatorrary carbon

aten, _ .

| in ¢holr fovootipntieno VoL.Rarpocy ard H.A.Jlovekhotova
ccplcyed videly apeetrol rothods, By tkic techmiquo it hag
beon fem? im the eace of polyothylems that irradiatica row
endte 4n redeal ﬁieappearames ¢f vinylideze dguble bendg,
thledh wero procent iﬁ the cpigimal rcaterial in a 1ittls amoennt,
ond fercatica of pow Gcohle bends of the trans-vinyl typo
{caariy ceajuznted). Formatiea of tho dewdle bezds is alco
Ebposvcﬂ in tho eaco ef Aootrueting pelycnpso[ég polylcckulyl-

tX_<@EQ forcatica of dezble bends prcscedo in all prcebability,
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vy ¢ho follcuing c2cholicm, Py Hea%cn aboatrasticn fred sccecR-
dary earbea aten tho padieal af e relloulng type arlcest

G CH
| ﬁS . } 3 n
2 <€ CH = ? - R
- 1
éﬂ& . 'cﬁ‘ﬁ

Docanco €f oteris Rirdremse this Paﬂi@a} cannot ferm

arocc=1imk, omd wmicppeos furthor Qoctructical

Cu C N
. l 3 / HS & R'
R-C - CR =C-CHg
[ B
CH

s [
e« =01 -G-8
B ; e \Ei | ?Hs N
Gy O n- ¢ -ca = 6] + GB
| CH -
cH 8

frerdnatich cf Anfra-pcd postra has holped to @lsccvor
o peovdierities of intorectisn ¢f irradintica polymerso uith
osyoen ¢f tho afrv. THio proscss kad boom found £0 bring abeat

forraticn ef oxi-preums in the pelyrsr. Anothor phonczonen f

150,162,158 38 Qontray-

oy ef csﬁctaliﬁaity in polymoro under effecto of xr—waﬂia-
tlica e?f 0e§0

ineoront cocorved by Velo.Karpew et ale

er £eot olectrens. These precocces UOFe ccopved
40 ¢ cacoo ¢ polyeothyloms, gutteporcha, co-polymsr of vinyl
ahlezido ard vinylidono chlerido, polytetraflucrothyleny and

567D écboy eryotalline pelymoro. 157

Vololarpev, LoR.Dlumonfeld et ale s by roanc of
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roacurorcats 6f Anfre-mcld cheetre, obocrpticn spoetra ard

clcetren cpim Poscramse cpockra of ipradiated polyvinylehlorido

| N heve ppoved that the prefound chongos choorved in this ERteP-

- S—

el undcr olcetren ippadiatica ecanist cbiefly im oplitting
cff hydrogon chlopi€o ard formaticn of doublo bond, On cpinica

. L ¢ ¢tho anthers, frco rodicels are rocponciblo fer change of

ecloxr ia polyvinylehioride undor effocto ef Pediaticn. Trolr :
l avedlabllity in tho irecdictcd polymor has boom provod by elee-
o twen cpﬁa'roec:nmzo roshet, thoir cocncontradien boimg dosroased
©ith timy prospoocica. Thls deoreacimg 4o comcocd By reecrdipmo-
tion ef @he podicols im ovosrnfcd polymor and by intoractiea |
; c? tho padicolo with eryponm, roouldling in fermaticn ¢ peroxids ;
poddenlo if -ezycon 4o awailablos '

188189 o o1 vieh pro-

The papors f A.B.Taubkoan of% al.
Dlecs ¢f clusidating poculiardties of radiatica @ootrustien
¢ DOLYLIFC. T2GY havo ozenincd tho effeeds ¢f oloetrea padioe
slca and high ftcroeratore en dectructicn ef polytotrafleoro- \
thyleao, polymsthylimodacrylate apd pelyothylone. The anthers
bavo cbécincd charp chane in pete of gao evolutien under
f tppedietica in rarpeu dccporaturo reglen vhore malting
(seftoning) ef polymors Lo cdoorvels '
Tao phomemenn ¢f aercocelinkimg im polymoro aro -in focus
of attontien ef ooviet ehxnicto simce due to this precoco
tho mest @f-po%yaavo'acquiga ﬁh@ valuable preporPtico. The -
Cochandcn of erooc-linking im polyothylere hao boon oxamimcd
bﬁ 9.8.!'=vedev ¢ al. 16@’161, The temperaturo dopendence

&Ff cpooc~linking in this matorinl irplisoc the crose-linking
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teing pooultcd by oicnltanccss dotaechronal ef tue hydrogen atemd

An a eingle primary act frem %70 adjeeent cagre-oleculas,
[Vevo‘i?covcﬂo!@' ot al, 162 have onesined by wcang of

BER-athed o fez’zatﬁlt"\ c? froo rrdiecalso in irradiatoll poly-

otbglomo Bedicolc of 2uo himdo (of alkyl and allyl types)

have Beon edcerved in iveadlated n@lyewlor* o Tho otability

of thocs redienlo ic aifPorcat imlying tho aifforont mochanicn

e thoiy reccOiratien, G opinlea @f 25 pathers tho PeGEDie
natica e:f Fadienlo meec—iatcsl in ecupco of 4rredistica muod
ploy an frperient perd in preeese oF crooc-1linkting in polg;-

| othwiese. 183
i Tn ¢ho veaontly publiched popor €€ S.8.IClvodev et als
the ee-glusicoo ¢f a geaciéorelRlo ﬂ.mt’;omo’é kave boen Gedused

‘ ecnzoening o protcetica cffoct mochanicn ef bonzomg ringsc

© 4m podielysic cf polyoiyrong. Polyotyrero 46 hnoor to have
e hirs rodliatica otabllity: ia tho eace ef polyothylene fop- _'

atlden of e oingle croge-iimk roqmiros 26 - 3B 0.V.p Thile

in ¢tho easc ef polyctyrono 3000 - B000 e.V. APC DOCOSTAFY.
Rasing c2 imvootigaticac of rodlclysic ef eolronc® lobollcd

3 ﬁy Ocutoritm the sathoro havo ccneluded that the high radie-
gicn otability o yslyoﬁyrema i3 lopgoly caused by Gicpro-
perticnafica ronetion ef priCary redieals uith ayelehezaﬁiemyl

i ° A% Sho rediolyals ¢f tolucne the rafieals formgd@ havo
“1 a otresture oimilay ¢o thad ef tho podicalo aricing in poly-

= otyvone wzder irradialiom.
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tyno radicalo c?ﬂaimg:$g_““e polymor cnder irpadiaticas

-NCELB ﬁ - (Tﬂa’" 5@1«2 - G - caa“*,,cmg —/?H - CHENNOT_:‘&B—'GE - CHQ
I S NG g -
Cyelchomadicnyl Ppiramy _ Crigical

ra@ieal _ - redical ‘ colcsulog
TioBLazerkin and GoPoUcialior 200 Mavo omerdnod the Podioe
tlen ereoc-1inking ef pelydicathyloilensrne, Foo valcenicatoo
roeotlitins demcnngrade Cooo Dih otecapth an€ roclofarso te
f?@Ogﬂ@g than theg obtalccd by eenvondlcoal mathcds, Pandfoe
eﬂcn ahciicol erooc-licliing (valeonlocaticn) ef pooins 46 an
cHioet of Foczarel of A.S.Kermincky, VokoKarpev

G8, 133 .
oy ?igon%k331ag 15 o DRodieglch voleandonticn ef difforong

Eooﬁné hag bcon coteblioked by o owthero & cer ©O @ rothed
c? gvopﬂva%ﬂca Gm rubbore Uith novu valnoblo preaorsico.

- Bela Pﬂv?cmag SR Bafiliow, - uLoLBQ&EiE 167 kavo edfalmsd
omporirmntal ovidoneo Mad tho tU0 CIpeoifto peasticnn, L.0.
903@%&&3 ¢? ¢rest~linking and that of dcgtruetion vdop ee%ien

sfiatica ca polyenidos presosd 91&31%&296”8&90[3u9 enthers :

D"vo ecocpidohed eorDdinod lfnvecticaticos 28 imeledims ¢ho . chango :

\ of ehanienl preperties, ac well ag tﬁo-ppmpoﬁtﬁea ef tho oolea

SAco, o chongo of molocular voirnt and cslozulap veldgat dice

tritatien fumetion of thi irradietcd materinle. By thio roemo a

gy howe cuscesded fn diotinaniching of ho %ao‘paeallea POQG- :
Glcno of ewooc-1inking ard dobtrocticn. Pedovor, $he e&oéc-‘
=-1i0lor S8 a prcdenivond pre3cos ord vmléaaisatﬁeﬁ 2 poly=

~¢0dCo g e £innl pocul$ of Arradistica of Shis Eatorial.

Cooond izvuangmf s ¢f chancos 4n e propordics of
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potyoor Lmmdietoly in 0o courco ¢f {(hofP irpcdiaticn acocme

DRACCA Ty coviot colontioto epo of o conscidorable inmteroste

o Bekamerltin ot alokss hovo ocze—dred the chango of cocharnieal

preportico ¢ 4lfforont polyroro in the couwrce of irrpeflietien

frca moolear reoster. Dovorsible rodiaticz-rochonical offosto
bavo boon €dcorvedl to appeop im Mo eeurco ef irpradiaticn,

N - 1.0, ehango e¢f rachamical propertics spsmoare in tho timo of
irradietien ord @icoproooss aftor irradiatica hoo beem oteprod.
Doverodble ekartos in [Ao=penctrabllicy of pelyrmsro dr tho
tAe o K«-wmamaﬂm havo beca onzfnod by Veb.Karpev

250
ot ale. o X¢ Do bocn formd that thor e Gaeo

e

sourgs of
Efuﬁadiatﬂca ic put in or cud §ho pate of gno diffucica
thecash the polycor eriorgeos o charp chompo, spproacklng oftor ?'
frradiotica tho eriginal volumo, bad still rezrining slightly |
birhor ¢that the latltor.

; Y20 LeVarchavely, O.¥a.Vaoilioy, V.L.Rarpov, Yo.8.Lasorkia

E ond Z.¥a.Potroy 0 Mave cemdicd icotepe exehange betvoon )
| 8catorivn oo opd AAPPorend colld polyrspo 1a padiaticn Picld ;
cfka nusleap reacter €0 ozamiro udofhep bydrogon frcn gnoocus
; zhaco can be Leplonted in%e polyrmor rolocelos im eourgo of

E - irredicticn. Pelyothylome and polypcipylene have beea proved ?
1' %0 trap tho r20f emcund ef hydregon im ecrparison with othop
polyroro examicod. The vate ef icotope exchamgmo is more oloy

! in tho caco ¢f polybutadicro ond pelyctyrens. The anthers have

; oTogoabted thot the inteesicn of &Qaﬁéfiaa is coused by roose-

‘ tica e? Eolyusf rodignlo gpising wnder irradiaticn apd
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-1

Gondoriun moleeules:

B e Ds—-?@ & D

B s+ D—»E s+ H) , andooocm
Ucao of xéatcpe exchange techaiqga in uido eeale will, undcod.
tedly, acolst to undorotand more completely the rochamism of

poly&;r radiclysis,

7o Brdiaticn eleomontary nefo and peirary

ghomleal rrescacnn .

In ell gheodenl trancforinticzs im irrodinted matericl
coecnflary oleetrenn, icag, ozcited moleenles ard froe rPadice
elo (imeluvding atema) aro invoived. The A0omBificaticn of |
theoo preducto 40 of o olionificont irmeotance Por clivcidoe
tien ¢ coshonicn of podlotica-ehonieal poseticac, Thio
p?@b&cﬁ ic gelved by coanc of w200 opoetresatry, electeen
gpin reocoaonzo, 0. o '

VoLoTol'rezo onf B.L.Pranlkovich 171 cmlaying mnaé
cpeet&é::tzy tochalqrs to imvootipntion of predmets feprmsd
uzfor cleetroa irpacts in oczo olmple inerganic and cpganic
cerpcunds in goocees pheco, hevo found that thse ion-rolecule
reaeticus playing an irportand part in primary radiaticn~
-chomileal preececsces ean glve oxelted radiesla:

. m —>mt . B

i & BR=(R') s (R°)°
Talo phomesonen hao boea ebserved in many proceassee in vapour
phaco] ineleding B} o H0 —»Eg0" o Hy CHj s HyD —>H0* o Ciy
C iy ¢ HyE"— B0 s Cglly a%c._l
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In snothor paper-v.haTal°rcco 172 hac pointed cat that
ferration of different type trapc under irpadiaticn (ecpocial-
iy io the eace of hydrcombons) can play an lmportant part in
radiatica chomistry. Usfor drrmdiation of caturatod hydro-
. earbons een arice unnaturatod cenounds ard free radicals
1cnisailen potentinlo of vhich are lower thnon theco of =ele—
—— culas of eriginel scuboiareo. Such ecrpounde and padiezls -
con aet a8 p=ond m-trapc. Incroasing of amouant of the traps
in ecofiorced phacs epoe%ol tho cenditicns which favenr tho
prinelipal eleczontary prezoos econcioting in roeezdimatien ef
“pluc-rirnns® palr $o be influepccd with sn adjacomt Lfroe valem@q‘
Czz  tue peficals sricing at the 9eéc§b1nﬂtiam cun add to tmﬂai
froa valonso, the predaebility of tho latter prpescas boimg, pvae:?
¢lcally, ogqunl ¢o tho uni¢ im the cace of hydroearbea oystcme
[?? peat intcroct ic‘c:playcsa% e pulocd Lirradistica
ez cooourcoInt Pate ecactants of fcz-~rolecule roaeticd,.
ce-dhinting pulocd irrediatica erd raoc opeotremotry teochrique

173
ToloTol oo and B.L.Prantievich have detercdincd Pato

]

scantents for the Polleuirmz roacticons:

&
CH, o ©CHy —>CH; o  CHg

-
v | Hz0 o g0 —>Hgd '+ OF :
| A% 570%° X tho Paﬁo’;castaat ¢f the formar i85 eqmal €0 I;oﬁlo-ll |
Jv 1 cBAcl. eo2., that of the latter 1o 8.5.10710 ex/mol. eee.
) gt 610° B, |
HoB.Tonitoly ot ale — o278 rc studying dlecesiatica

2 rathor lapge ooloculos under olestron irmpacis using mass
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wdﬁ&gﬁgaé “Gark” conduetivity take plase, a ecascidcrable mgmitcde

N Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8 .

T e N

cpectromatry techaique, Craminetica of £208 cpoetra of holesco=
nted hydrocarbons 174-178 indicatcd thot vith Ancrocolmsy ¢
halogsne atom quantity ian the moleculo the por copt of LOIOCw
ular ionz in mags cpeetra decrences. To authoro havo alse

Tound 176,177 that the moot ec=plete agreocat ¢f ealenlated :
and exporirontal data take place vhen approrimately oqual
predabllity of frapgmont ica formatica fren ovory part of caloe= -
ule 1e seppessd. Por imstanse, in aaca cpoctrum of npncaanﬂ—ﬂ—cla
1on8 ¢, ¢*% ¢’ 5 cma ci% H, havo boom eboorvod
in smcunts uhich sre spprozirately eqerl ¢4 valeo vhich o=n ‘

Be ealculsted preozecding frem ¢he atcetica rInticncd adbove.

5 Baged cn emalyois of mass gpoetra tho euthers bavo prepezed :
] .

N
“the foldfevian cehory of largo msloculos diccesioticn:

|
a . N

1 E H H ¥ H®H ' B 8 =
i i i | ,‘ 11-3]" \ ‘l'l
;' n-—r':—-cfz—cl:-‘»-c-—-c--:c—-c{:—-c—c—-ﬂ !
- vy : 1 Lo
\ BE H H‘.'H\ali ' B B8 B !
% cﬁu 13H5 ;

Quite reacntly V.L.Tz2l'roce anﬂ E.LoFrankev&em‘l?g have
- eafFried cet o cermparative imnvoctigatien of lvdueod oloetrisal
eonductivity and behavicur el froco rpadieal in irradictod

oolid paraffin. TRey have msacurcd conduetivity of parcoffin
irpadiated et 77° K in the tims of "emmealieg®. Im thia caos

8 gort of "flaring-up” ef condretivity have becz dic3cryorcd

o (Fig. 10). Tais pheoomoncn apposrs ad folleUs. A3 torpopaturs

4 a@iffering by ser> dosens dogree frem the tompeorature popden

bf conductivity isc cboerved. A Purthor &m:cyeasﬁmg cf torpera~

u¢ﬂ¢ a*”&
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tare the esnductivity rcduces to "dgpk conductivity. Tho tima-
-teﬂ;pera%m%@/“ﬂah'mg-my" is cvinecidont with the roglca

wore doeroncing of ESR-oignel 4s o‘baowed. Paged cm thess.

Gata the eccuclusien hag beon dcduc@d(‘i_‘ uh.i/eh formatica of foas
in irrediated colid e 1iquid mtwial can prococd through
Ffeor2tion of freo redicala,

VAV.Voovedchy et o1 168, 1£0-105 carrying cat 1zvoe-
t&mﬁm o pedieals eppcaring in raddolycie 2 ergenie am
!Qg;fpmnﬁo Waetcoo nodeg olostren cpim pecsasmeo toehniquea,

Eﬁm epparatas paromitélng the edcorvatica of E-cpostea in

. the egrpeca f irrediotica with fact oleoctrens hag boon ecoo-
tPuoted Yy the amthero 188, 160, po Loono e thic appapatus

BN cpoetro ard radieal fcomatien hinotise have boen st&&l@%
Tho pedienln forming wedo? irpofitation of teflen im vacurn qf
ey teoporattro Bovo boon fourd %o have a leag 1lifo-tims, In
22 ofr they ecxvors reronids podicals -CI?g - CP - CPg - uwhich
can Bo stercd et recm Socpopeture for sexp - 0°

@a tho eaco ef Boncoms pedienls Q0 and Oslly have been
ford go form 109, :

Ghow~0sH; + Hi Gy « B — aghy

In polypdozgls (Qdperyl, p-ditelyl, ete) edatraction of
Bwatezsy gzd Clig - groups situated 4in para-position with reg-
pect to rhenyl mbatitmt ceecurs to form a radiesl being

amle@mmcﬂ?

gnoentha,
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- - o xa thie povicu ve haovo wot dcousocd sams other Dranw
v - oo ef pedfatien chcmiotoy Govoleping in the USSR . e
m, Pcr Anntanoo, &coo ret ecatain eny decepipticn of cfe ~
fcs‘&o of Ac:a.&zﬂzzg rodintica 3 ealolyote ond scei=-codnatera,
mmmasm@mmnmwwmmmwm
tiex oeureoo. Dovertholoos, the ecalbents cf the roviow pives
en $€ca € tho Tifomcoalo ook in tho £A0l4 cf Padinticn eheo
18y carricd c¢af in tho BRSN.
ez 16 0O GeDE that 4B tho ozt years ard doeedos rise
R o E?.‘:L‘:?O Foor podlatic ooureos (om af zweeem vill e evoll.
mc:::xm particle aceclcrotica tedimiquo g going to
Bo Arppovet 6oy ty doye Boowr cF oneleap reueters is eloe groo-
inge E¢ Doscooe ¢hea pocaible ¢80 edtoln cive and otre bichly
cotivo pocparetos o artificinl pcldeactive Leotepos. Dzorry
zolleacts bty trofcn coolens ficolcTzam, undomdicfly, bo uscd
in futcre £ oou ceslenl presoccoo €0 be pat 1a practien,
AL tBeso epcn LrAcHt poropestive for pediaticn chendotuy,
i 4 oo @ o m=act progroccivo broashoo @ zodern phyos
fcol cAcltry oofl opociol cdend onrlnscring. _
Oectongo ef ceicntifie cusecooes ac‘::awcﬁ in this 4™
m&mﬁ £1cl4 botooon eafcatiots of aﬁffmt ccuntries will
oesto o forthor progrocs of ehcrioal scicnoe emd ite ep-
plicaticna in intepests of chole mamipa,
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Contents
R - . 1. Introduction

——— e = o me o

2. Badlntion chemistry of water and aqueous solutions
S. Radintion chemistry of siuple inorganic molecules
4. Rrdimtion chemlistry of organic substances

b. Radlatlon polymerization

6. Fffscis of ionizlng radintions on polymers

7. Radiatlon elementnry ncts and primary chemienl

Procesecs,

Introduction
The study of qhemicni changes of substances brought

abou§ by high energy radistion bas begum its rapid development
in connection with the avalilablility of the power ioniilng
radintion aohrces..The development of rndimtlion chemistry
- ¥as ‘atimlated first of =ll by rejuirements of nuclear engine-
!;“~ : erlng_énd probiema of the relinble protection egeinst the
hazardeous rndintiéu. On the other hnnd, the rndintion chew~
iatry deals with the phenomena cﬁlied.férth by high~-exeited

and of high reactivity particlea, i.e. 1ons, free radicerls,

-l
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and molecules. ‘he latter 1s caused by the fac; that energy

of ionizing radiation 1s mnny times ns large as the chemicnl

bond energy. The gepgrntion of excited particles mentioned

'{a the main distinctive feature of radiation-chemical proceusses

in couparison with the photochemical those where guch pheno-

mena do not almost ocecur. This clircumstance has alao promoted

to the grouth of intereat in radliation chemistry and its usea

in perctice,

Russimn and soviet scientists mmde a substantial contri-

bution in the develbpmsnt of radiation cheuwistry. Thus, among

the rirst investipgaters having observed chemical effects of

ionizing »adintion upon diverse compounds there was N.A.Orlov.

1l
In 1804-1506 he founded that paraffin, wnx, stearic acld
and other solld organic subatances converted into liquid
resinous products. In 1910 N.D.Zelinsky 2 placed in a senled

tube aoﬁe little crystals of radium bramide contrining 0.5

mg of pure radium and 1.5 ml of cyclohexene (Cg Hyp)s The

investigation carried out efter severnl years reveanled the
deposition of free cnrbon on surfrce of the bromide crys-
tﬁla, the liquid decouposition products belng conslsted not
only of hydrocarbons more siuple than cyclohexené but, nalso,
of more heavy hydrocarbons synthesized under actlon of alphs
particles emitted by radium. A8 an 1ntérmedinte process, Ap-—
parently, dehydrogenntion of the original material occured,
K.D.%elinaky stated that relative processes could trke
place in the nature under effects of radiation of prdium -

contnined in rocks.

-t
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Eﬂoder%}ﬁevelapmcnt of radlntion chemlatry infthis countrx 
hns b?gun in the post-war yenrs, being caused by ;aea of nuc-
- lear power for wvarlious purposes. This period 15 charncterized
vy rapid development of wide-scale regenrch workreMbrncing
more snd more diverge classes of conpounds and peaction types
and, on the other hand, by employument of modern research
techniques involving gas-liquid chromatography, electron
paramagnetic rescnance, mals spectrometry and so on?for lden-
tlfiqation of radieclysis products and for elucldntlén of the
reaction mechaniam. As ionizlng redimtion aources‘nuclear
renrctors, spent heant releasing elements of atomle power
.qq - reactore,. Bf-ray sources of Co and 08137 cl,-emitters
‘ such se radon aad polonmium preparates, betatrons {including
these with extracted electron beams); electron accelerators
perzitiing both continuous and pulsed irrsdiation, X-ray
ipstallations and s0 on?are employed.
T These are radintio£~chem1cal research laboratories in
? vePlous rogions of the USGR. A number of the Moscow resesrch
i institutes are carrylng cut investigations in thia field.
e T ‘Radintion-chemical investigations are naccomplished in the
Ukrainian SSR, Georglan SSR, Uzbeck S8R and other repu?llcs
having atomie reactors. The fact that in recent threé years
l about three hundred publications on thig toplc have been
isgued by soviet investigntors illuétratea the development of
the grdintiocn chemlstry in this country. In 1357 the firsat
All-Union conference on the radintion chemistry was held 1in
Yoscos, vhere 56 pspers were reported and discussed 5.

-
¢
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A lapge nucher of the soviel investigations in this fleld wasd

\ reported ca the othaer eciontific congressas and conferences
‘ 4-10

l; 4n this country ag well ad abroad
[}uthO?a of this papeé}éﬂnli;.in the mein, describe the
mo3t important directiana’gf reaea:ph in the radiation ghemis—
try in the USSR and slcoe shall reviéﬂ some 1nteraet£ﬁg papers
publichod in 1958-1950.[%he provious sovietl works nreo publish-
i ed in form of seprrate collectlons 11'129 tpanoactions of a
\ pumber of conferencas 477, and are also told in revigvs 15-18

aud boolkklets edited in the USSR."

e

\.

2. Badiatich chemiotry of watap opd aqueous goiutiona

T cme rodintica-chemieal remctions ccouring in water and

‘ aqnécna goluticno vere =n cbjeci of many investligatlons having

i boon carried oul during the 1ast yéars in this couniry. This
jg ocemuncd first of all by the fact that water is used as a

1 modeprator and R coolant in atomle reasctors; besides, in aguecas

golutions mABY PPreCcessss take place imvolved in the nuclear

fusl producticn and isolaticn of nuclesr roaction products.

MopoGver, behaviour of aqueous soluiions under irradintion

is apalogcus, im a ccneiderable extent, to that of biological

gystems. That is ﬁhy'the study of the effects of jonizing

radiation up ¢n the AqUAcul solutions can be assumed AS basis
f fop ectimation the afTects of radiation oo i1iving tissues.
Soviet posearch vic-hs cover a wide prnge of diverso

gquosticns of tho rodistion chemistry of uater and aquedira

solutions. The influence of a ionization density and dose
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pate on the yilelds of radlolytic conversion in the nqueous
aolutions, the role of direct action of radiation on dissolved
subatance, the role of excited molecules of water in radio-

lysis processes, dependence of the yields of molecular PFO-

ti

ducts of radlolysis on concentretioﬁ of solution vere aacér-‘
tained. Radiation-electrochemical ;éocessea and the influence
of irradistion on corroalion behaviour of matals and some
other guestions were an object of na nunber of iﬁvestigations.
At present is'generally nccepted that under the action
ef radliation on aatef atoms H and radiecal OH, as well asc molec-
NG ulap hydrogen and hydrogen peroxide aroe generated as primary
products of the radiolysis. These intermediate prceducts in-
toract further with the dissolved compound. In the case of the
Giluted agqueous solutlions 1t is possible in this wvay to ox-
plain the charactcr and the yield of the radiolyslis products
and, ik somes cases, the radiclysis kinetics also. MBased on

thic conseption systexatic investigrtions ara carried cat in

eslculatione conceraning the dependence of the molecular pro—

T the USSRe[V.Yn.Fllinovslw and Ya.A.Chizmadzhey »° have made

|

‘ ducto yleld im the case of the radiolysis of water under the
action of radia%ionc‘uiﬁh high ionlzation densities in the

i precouace of scavengers. Tvo cases of stoms H and redicals

= : OH distpibuticn during water padiolysis have been considefed:

1) both redicals are in a. track columm with the Alemeter ~ A

and 2) stonz H bave more diffusive distribution { ~100 A ).ij

B.V.Frehler ot al. -U have compared the Pate of radia-

¢ion~chomical drcamposition of hydrogen peroxide with the
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nost reliable data svallable in the world literature concern-
ing the rsdiolysis of wnter under the action of -radiantiocn
of cobalt-60. The authors have confirmed the applicﬁbility

of hyvothesis about the constancj of yleldSof padlolysis
products of water as well as the adequacy of the law of
homogeneous Kinetlecs to the case ;% radlation chemical pro-
cecscs in diluted aqueous solutions.

21
In an other paper B.V.Ershler basing on the model of

irradinted solutica in vhich free radieals and moleculap

'prodnctb are distepibuted homogeneously in the total irradiated

volums, hat considered goneral regularities of the radiolysis,
for the cascs vhorein thio model is applicable. Procecding
fyom the aesuzpticn that pedlolysis proeducts xieids of water
aPe constand values and that im the solution only bimolecular
ronctions proccsd, the author has consldered the effects of
rPadiation intensity on the dependence of yleld upon concentra-
¢isn, Tuo criterin for the adaquaey of this mcdsl have besn
fcund. In the case of staticnsry state, the increase of in-
tenslty from I4 O I2 dicpleces the curve representing the
Gopendonce of a leogarlthm of coacentration of one of radio-
lysis preQucts upon a 1ogn§1thm of concentration of othoer
product, mlong the coordinate axes by r segwent wvhich is

eqeal to ol i, the shape of the curve dbeing unchanged. If

‘otationary stdte 1o not yet achieved, the variation of in-

tonsity leads to displacenient by the same value ;;I* along
the absolssa of the curvae reprasenting the dependence of the
radlation yield G of one product with logarlthm of conceantra-
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tion of another. Rsdiolysiz of the solutions o hydrogen
perexide 20 18 2n exnmple of suéh a regularity.

It is Enotn that increase of concentfation ean bring
the conditioas in which the dissolved compound would intep-
act not only with free radical dlstributed in whole volums
of solution but also with those in the points of high loniza-
tion density, competing thus with recombination reaction of
redicals and reducing the molecular product yleld. In this
ccmnoction the lnvestigations of P.I.Dolin with collabor.,
N.A.Bakh with collabor., H.A.Proskurnin with‘collabor., are

of considerable interest. Examining the nitrate systems 22‘24,

a8 vell as the aqueous solutions of potassium bromide 25-26,
1% hae been found that a substantial part of molecular hydrogen
originantes from the reccmbinaticn of atews H., For instsnce,
decreasing of mngnitude of G (Hy) t111 some hundredths of
molecules per 100 electron-volt with the increasing Hog-ions
concentraticn has been found 22-24.-

-—-From the point of view of elucidating the mechenism of
radielytic oxidaetion of Fe**-ions in diluted aqueous eoclutions
of ecasidernhlelintaraat ig the work of V.N.Shubin and '
P, I.Dolin 27, in which the effects of a preassure of hydrogen
above the solution on tﬁe vield G (Fe*++) is 1nvestigated,

It vas found that variation of the préssuﬁe of hydrogen in
the prange from 1 to 180 atm., doss not exert an appreciable

1nf1mence on gystem concerned.(; mechanisa hes been sugges-

ted for this case which includes the‘following reactions.
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o H ﬂ*———ne +
»4
Fe + H tewe*®? N o
_ 2 2

e

e roemlfa cbitainod confirm the hypothesis accordiag to vhich ~~
in donerated soluticns atoms H take part in oxidation of
fono-Po*?, directly or by means of Tormation of the iaons H;.

J - It io mour the yleldsaof radical ard molecular preducts
¢f wvater radiolyclis areo dopendent on the magnitude'af linear
onargy trancfoP, i.0. on kind of radiation. Although s numbep:
of soviet investigatlions hithorto crrried out in this topics |
is not large, thoy are of a certaln interest. A.d.Kadbakchi

J ot al, 2°+%7

has invegtigated effscts of X’-radiation of

ecbalt-60, F-rays of phosphorus-32 and o{ -particles of

plutcaium-239 on squeous solutions of nitrates in wvariocus

concontration. Radiation-chemical yield of Hoé, according

Jd to the muthorsconilioned is dependent on the kind of the
Padintica. For instance, under the sctlion of ol -radintion

239

o of Pu G(HOE) is considersbly less, than that in the caces

of Y -rayo of co? and [ -particles or P32,

2.V.Evchova and H.V.Vladimirova O have studied the ac-
thca of alpha—particleé of polenium on 0.8N aqueous solutiocns
of 82804, It has been found that the initiel yield of hydro-

: \ gon peroxide (1.2 molecules per 100 ev) 1g indopealant on
— '
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:. = : coniceniration of polonium dissolved in the range of specific
activity from 0.1 to 12 millicuri per ml, concentration rig

= j Hgoz tending to itsvlimit value. For 0.8 N 112804 the egqui-
1ibricm limiting valuo of the H505 concentration amounts
5-801013 moloewles per ml.

7 Tt

8.A.Brucontgova and P.I¢D0115”81 have 1n€aat1gated the

acticn of protons vith the ocnorgy 660 Hév en aqueous K. Bp
soluticns, Tho linoar energy transfor of the radisticn mone

<i2§;) ' ticaad is nearly to that of 1 Mev electrons. The work hag
J( dencnotrated that the radiaticu-chemical phencmons are Gof-
0%ﬂ£;n nfwincﬂ colely Ly the magnituds of the linear enorgy transfar.

&'-V .¢ﬁr Thus o yiolds 6 (Fe***) nbtained in the case of Rqueous
I“b .
q‘L (s ferrocus gulpbhatse soluticn and G (Hg) obtained for XBr solu-

'
2
f
A

ticns of varicus concentration (Fig. 1) have been found by
tho msnticzed authors to bo approximately cqual to tho cop-

rooponding values obtained under action of K"-radiation of

co®C,

Pﬁgg b A.K.Piltnov and P.Ya.Glazunov A3 have studied raﬁlo—
§ lytic transformaticns in aqueocus solutiocas of several inor-

i | ganic ccupoundo at high dose retos. The latter have been |

B achlieved by means of pulsed electron radintioﬁ; theSlectron
SQ;\ %ﬁ{ﬁ;” encrgy has been 0.8 -‘1.0 lev; the pulse durantion - 5 soc,

L P&,gﬁp 3;%?0 radlolytic conversions in aqusous solutions of ferrous

& P |

. Y

%?S ﬁh;Q‘ oulphate and ceric sulpkate, of the mixtures of Ce**** gnd TI*
.\

b~
&

h}j sulfatesc And also Ce™*+* and Ce*** gulphntes have bosa invegt-
B

&
% &‘vﬁgﬁ*

igatcd. The Fige. 2 indicates the dependence of @ (Fa**+),
G (Ce***) in tbe aboecnce of T1* and also G (Ce***) im the

1
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- presence of Ti}upon doss rate, obtained by the authors. As
one can see from the Fig. 2, the mpprecliable varliation of
yields takes place at the high.dose rates up from about
1021 ev/ml, sec. For instance, G(Fe***) decrenses with in-

.creaae_af the dose rate, whereas G (Ce***) under the same

conditiona inerences. This is caused by the fact that st the

deoe ratos uwp fPam ~J1021 ev/ml. sec. and higher the processes

originated by overlapping of ionizing particle tracks begin
%o play a significant part, changing the yields of radiolysls
products of water G (H), G (OH), G (Hg) and G (ngg),

In the papers meationed nbove 32-37 1% has also been
Gusorved that at high dose rates the lmportance of competli-
tion betvoon padlcal-padical and radical—solufe reaefiona is
aug;aeated. The Fig. 5 chous the dependence of the yields of |
podiolytic conversion in several gystems upon the conceontra-
ticn of discolved substance at high dose rates of radistion,
found in ebove nentiocned works.

The mochanism of radioiytic trénsformationa in concen-
4pated solutions is & problem of to-day. In thlis cace not
ouly the effects of radiation caused by the action of wnter

padiclysis products on the dissolved substance take place,

‘but alsoe direct action of radintion on it ia involved.

 AsflKebakebi 48 one of the fizot investigatore having pro-

38
pesed the coaception of the direct action » He has choun

that im the radioclysis of aquocus chloride soluticn molecular
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chlorine ig formsd, the yield of which increases in propor-
tion %o increasing solute concentration independently of the
kind of padietion or the cation nature.

A Gifferent point of vievw has been suggested by H.A.
Proshkurnin et al. « According to their hypo-
theolic the high comcentraticn gives possiblility ¢o radieala
originated not enly from ionictd molecules of wator, but

glso frca excited molecules to be involved in the radia-

tion~chemical roactions. In Fig. 4 the dependence found by

Ly

thic authors menticnsnd sbove a4 is shovn, betweon the Field
G (10;) and concenmtratica of HaNOz solution. The radistion
viela ¢ (Nog) increasos vith avgoentation of NaNO; concen-
traticon reaching a consiant value in the reglon 5,102_310~2
Y. Tio authors have suggested that existence of this slight-
iy ocloping cogment of the curve cam be expleined by involv-
ing of pra_cti.ealiy all the H-atoms formed in the reactica
vith nitrato-ionss. In the more concentrated solutions the
giel& e (Nog-) increaces again, and for the 1-6 X solutioas
Pomains conctant. According to tha authors °° the increasc
of the yield ¢ {No;) in the conecntratod solutions is caus-
cd by iavelvomant in the procoes of the H-atoms originated
fren boéh the lorized and excitcd molecules of water.

It is . A.Proslkurnin wvho has discovered the radiatién
cemgibllization phencmsna deccribed belos. If in a solution
co adde a cubstance capable to 1ntéract easily with one

of tho radical radiolysis products of vater, there are

!
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eroatcd conditiocns in vhich snother radicels are wore coi-

pletoely imvelved in radloglytic conversion. In the case of
14, 39,44

nitratc ayetcm according to such subastanees are

glycerol and glm@ﬁ@b. Being acﬁive acceptors of OH-radicals

- thooe promoto G (Noz) 2o be highor.

Tho curve 8 in thz Pig. 4 represents the dependence of

@ (NO_) ca conceatration of NalOg scluticn in the precenca

e glycercl., Hero thoe yield G (NO%) in the cace of highly con-

consrated coluticas roachs a value of ~6 1ons/100 ev, vhat im-
plics iavolving ¢f all uater radiolysis products in the re-
aedica with digselved cubstance. L

Reeently, H.A.Prookurnin et al. 0 have p?oposeﬂ the
hypothooic according which there aFe two kirnds of excited
woloculoo of vater differing in level and type of excitn-
ticn. Mmic hypothesis cam explain the existence of three
14mi¢ing velues of the wrdlolysls vicld of dissolved sub- |
cfenso in &Gpe§ﬂance in various conditlions of radiolysis.
In the cace of nitrate systes, as it was mentloned above,
the limiting values of G (NO;) are oqual to 2, 4, and 6 ions/
/100 cov. |

Radiclysic trancformations in concentrated agueous
solutica have beoa itveotigated by a number of another so-
viet aeientiq%mo e vork of L.T.Bugaenko and V.N.Belevaly 40
dcdicalted 0 the problem of direct actiom of radiation oa the
gcozoatrated perchloric mcld aqueous solutions is of a ceririn

inteorgot.

Ac 4% bes been found By A.A.Balandin, V.I.Spiteyn et

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8



o

DLIE S RS T T T

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8

. FC

47
al. » under the effecis of lrradliation on aquoous solu-

tions of a several complex salts of platinum the presipite-
tion of motalic platinum tekes place, product having a
higher catalitic sbility in thé low-tempefature raacticn
- of cyclcohexene hydrcgeration. Palladium black prepared on
A radiation-chemiecsl mothed differs, according to the same
authora 48, by 1¢8 catalitic propertiea freom the material'pro—
"parcd im comnventicnal uay.
Radiolytic t?anséormationa in anjucous solutions of
pletocaliua have been exrmined by Ho.A.Bakh and collsb, 49’50.
8averrl papors of soviet authors are devotod to radlolysis
B2 Qi amivs s
of agqueous goluticas of araniuml@%f o(?.Gqursoy and B.V,
) Erahler 51 examining radisticn-chemleal reacticns im agueous
| solutions of uraniuvm {IV) have found that undor the action

Y 7adleals 0H and hydrogen peroxide

of Tr—radiafion of G’
are responsible for oxidation of U*%-ions. As concentration
rises, ﬁhe oxidetion yield ot firset increnrses apd subsequent-
ly is lowered. In the presence of oxysen G (602**) ie sign;f-
icantly more (16 ©g/100 ev)} than that in the degnsaed solu-~
ticns. The authors have deduced (ke equatica describimng the

depend-ncs of & (80;?) upon 1 A cencentration, the ratio

of the rate constnnts of the three reanctions (U+4f:”6§:_ﬁ—:—aﬁl
grd H + H) being iavolved.

G.F.Yakovlev uith collab. °° examining the effects of
inherent gL-Padiatica of Am°tt on the valency state of amori-
cium in tho aquocus scolution heve found that radiation-

-chemical reduction of As0,** lons in a considerable degros
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is depondent on acidity of the solution as well as on nature
of the acid. For exemple, in the concentrated sonlution of
perchleric acid the yield G (Amoa*‘) is appreciably louer, than
that in diluted solutions. The reduction of Ep02+¢ ions in
‘aquoous soluticas irmduced by electiron radiation 84 is alao
— dopcndent ca the factors msentliozed above. It 18 of an iaterest
N thal, froen padiaticn-chemical polint of view, the pentavalent
moptoeninvm i3 more otable than other valency states. 4
Radintica olectrocheomlical proeesses in aqurecus solﬁtiona
have been an cbject of several uorks of soviet asuthora.
N l '*r Y%.A.ﬁakh et al 28, 95

-raductica potontinl of severasl compounds in agueous soslutions

have examined chabhge of oxidation-'

under setion of ionizing Padimtion. Extensive investigationa

i
|
: of rpadiatica clectrechenical processes have beon carrled out
! 56-61

5 By VeoIl.Veselovahy and collab, «» That in the vorks of

¢ho latters 1% has been discovercd that the potential of tﬁe

platinum electrade ir irradiated 0,8 N sulfuric mcid solution
|  caturated vith nitrogon remches a velue closely approximating
to the roversible hydrogen potential and thq potential of the
gold electrcde becczzs equrl to =0.96 volt:l |
D.V.Kokouling, F.I.Dolin and A.N.Frumiin 62, exsuiniag
5- bokavicur of snmootdh platinum electrode in the solutiom of
sulfuric acid in wide range of doses absorbed and dose rates,
have been p?o§ed that the potential of platinum electfode in
irrediated 8.8 N sulfuric mcid is controlled by the molecular
radiolysis produacts of water accumulating in solution, l.e.
by hydrogon snd hydrogen peroxide; The ?adionlfproducﬁs of
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rrdlolycia ;n this case do not play =zny appreciasble part in
potontinl ostablichment on platinum. A similar concluslion has
been droun_by‘SoD.Levina and T.V.Kalish ®3 from sn examina-

_ ticn ef the behaviocur of nickel electrode under irradiation,
K K}hmmmning 4ho oxidaticm~reductica reaction Fe**—>FPe' " umdor
: irradistica P.1.Dolim and V.I.Dezhenkov o4 have proved the
i potontial poosibility of utilization the products of oxida-

1 tica sand reductiea in eqé%us soluticna for the purpose %o
¢rencforn energy of radintion into electricel energy. In
othep words, the possibillty of comstructing radiation~ealvanie
cell has boen proved. Another solving of this problem has

59. They have employed

, ' beon stated by V.D.Veselovsly et ale
tho Pt and Aw olectrodes having selective properties with
roocpect to oxidizing and reducing ageats formed in solutiocas
under i?radiation:;)
ThePc aFe & number of sovietl works examining the influenco
of deaicing radiastion uwpen the corroslion behaviour of metals
N in various madia. N.D.TomAshov, A,V.Byalobzhesgy et al. 65
| have studied the effects of electron radiation.on corrosion
of irca, otalnless stecl and aluminium in scdium chlorida solu-
[ tigas. A.V.Bynlcobziesky 66, 67 has examined eorrosion of metals
unfor irradiaticon io mlr. The corrocion of several motals
o wder ippadietion (by fast eleciron beam, H’-raya of Coso,
X-¥ays) has ﬁeen found by him tc be appreciably accaelerated
by icmizing radiation. The motals examined can be arrenged
in the follgouing conscquence: irom - copper - ginc - alumiaium,
¢ho corrFocica stRbility increasing. 1t has been suggested im
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under irprFadiation is caused by formation of radiolysis products
cf oaxygeon, water and nitrogen ia the alr. -

I.L.Rozeufeld and E.K.Oshe °8069 have exesmined the 6&f-
fects of electren radiation on‘electrochemical activity im
various csdia of zirconium and titsnium covered with oxide
£iles having somi-conductor prcpe?ties,E§iminution of ancde
and cathcde rcaction ove?voltagé and increasing of rrte of
those poaction have bosn found. The effoct discovered ls rever-
siblo: stcpping of irradistion leands to retuﬁn of overvoltage
and rates of ancde and cathoede reactions to vrlues closely
approximating to original onea,'Anoﬁher phencinenon of an in-
torost discevared by the authorg; is the fact that under ip-
radistiocn bohavicor of mstels covered with semi-conductor
filns ¢f p-typo and of n-type uith respect 1o anode process
is quite differcemt. With 2espect‘to cathode reaction such a

difforenco is not cboerved, K
Tua corrosian bohaviouéjgf several metals under irradia-

tion has alab boen studied by Ya.H.Eolotyrkin et al. 41, 70,

For exacple 41, they have imnvectigated the effecta of E’-radin-

tion of Co°0

(s 7% electrochemical‘prOpe?tiea and corrosion of
steol, anickel and platinum in sulfurie acld. It was o8tabdlishe
cd, ip the cage of stecl and nlickel, that effect §f irradin-
tion is equivalent to nnode polarization. The authors havg
confirmad the eonclusica by V.J.Veselovsky with collabor.dﬁ*Sl
about cectabliskment in sulfuric acid ths platinuws elecircde
potential clogsly approzimating s potentinl of reverslbla

hydrogen electrocde.

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8



Al

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8

T
!
|
l
l
1
!

!
i
)
{
.

+
T

oy
ne 5 -

%, Radinticn chemisiry of simnle inopganic molecules

A nunber of works by sovietl authors is dedicated to
gtudy the radiaticun-~chemical reactions of simple lnorganic
poleculos. The sttonticn to these 1aveat1gations hsas boon
attracted, firgﬁ of all, oulng to ths fact that the examina-
¢4cas of such romctionsallous, more succesafully than ia
‘caoea of bihor compounds, o correlate the yields and kinetics
uith lczizaticn and ezcitation potentials, disgcclation energy
and other parametora of irradiated materinl as well as to
study tho offeoct of phase state om radlolysis and to corrolate
radintica-chicadcal and photochemical processes.

fhe mood ecopleto investigation in this topie nocomplish- :
c4 by ooviet chemistis is radimticn chemlicel oxidation of nitro-.
Con UAth ¢he OXYEIR. S.Y¥a.Pshozhetsky and H.T.Duitriev 772
have exsnined kinetics and mechanlsm of oxidation of nitrogen
under the acticn of eiect?an impact°[#1trogen pressare hés

2

boon varicd £rom 1077 to 107° ma Hgy, eloctron enorgy - fFom

units of electrom-ovolic to 200 Kev;?Formﬂtion of N;—ioas
appoare to be an intermcdlate stﬁgef;f the reaction, Kinetlics
of the peacticn is described by an equation of the second
order, retivatica ener gy Deing in the range 2-7 keal/mol.
ELQ%O?, H.T.Dmitricv and S.Ya.Pzhechetshky & have carried

out verk on exidatioa of nitrogen induced by B’-radintidn
e Coso urdd® pressures up to 150 atm., Aanrd at temperntures
15-25" apé at 150%C. It has beea cobserved that increasing of
pressure froam 1 mm Hg to 760 ma Hg lowers the oxidation rveac-

siogn yield, but st the further lncrensing of pressure the
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¥18ld incresees, renmchlng the magnltude of 5-6 molecules of

' [0g peé 100 ov at 150 atm. The yie}d of H,0 at 3-50 atm at
150%C 10 2.5-3.5 1201/100 ov. The dapendénce of the reactien
rato on ecmpesition of mixture obheys to an equniion of the
cecond order. A devimtiom from the equntion of the second order
hac been ohcorved for the dependence of remction pate and yield
ca the pressure, becasuse of recoerbdlination of loms formad undep
irradinticn,.

Reeontly M., T.Dmdirisv and SaYa,Psheth%sky 74 have exam-
1zod the transformation cceuring in nitrogen disselved in
vater under scticn of zr;yndiation o? Co°C and & beam of
fnct electrons. It hao Yoen found that nitrogen dlssolved An
water under irradiatica is fixed in Porm of nltrate, nitratoe
and grerenia, The yield of the rerction 1s dependent on » com=
pesition of mixture of png dicssolved Aand its pressure. For
insctanse, the yield of aitrogen fixed is 0.09-2.18 at 1 atm.

and 1.0=1,4 atcms at 180 atlh per 100 electronvolts of radlia-

1 tiex energy absorbed.

S.Ya, Pzhozhetsky eb allzgfya have sleo studiad the for-
maticn ¢f ozone im 1liauvid end gascous oxygen under action
et E’-Padiation of Co60 ard fast electron stremm. Excited
moloculoa of oxygea have been proved to play nn important
role in ¢the roaction. The radiation-chemical yield of ébne
ig 12-15 melecules /100 ev in the case of liquid phase =nd
1.5 coleeulaes/l00 ov fer the gazZ.

Bydrazirns do fopmzd undser the actlon of faegt electron
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beam on liquified ammonila 7? » The latter process is charac-
terized by etntlonary hydrazine concentration cxing to the
equilibrium between vates of direct aAnd reverse reactions,
the.yield being 1.0-1.2 molecules/100 ev,

It kas beon studied the kimetlcs of hydrogen peroxide
doecrposition depending on 1¢s concentreation in aquescus aoln-
tica under neticn of Y -radiaticn of 00600 ultraviolet light

as vell ac the anAloguous dependence for the rate of the

78
' thermmal decopogition o The rnie of the reactica as the

censentration ircresses has been Found to have sldways a
parximan, It has slso beon odscrved that the rate of.the padia-
ticn=-chenical renction 12 proportionnl to square oot of radin-
tien imtenzsity. The activation energy of the rradintion~-cheme
feal reancticn i3 6.5 hkerl/mol, that of the photochemicnl re-
acticn being -9 Lkeal/nol. The yleid of the radiaticn~chemn-
ierl rencticn is dependent on tempernture. Dependence of a
degres of electrolydie dlssoginticn of Noz—Pndicala on the
conceniration of the solution i propqse& in the papep for
explanation of kinetics of the renction of HgOp decomposition.
Scveral papers of soviet authors deal with investiga-
tion of effects of icnizing Padiation on 30lid substances.
V.l.Spitsyn et sl. 79 pave examined decomposition of

solid ccmplex compounds of platinum under the action of

elggtron radintion. In these cases formetion of free mstalic

rlatinum uns sometlimes obaerved.(fhe magnitudes of the initial

4

yield of metnl are reprosented in the isble 1J The data -

of the tébla show that a degree of decomposition of the
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¢caplexecs is dependent on nnture of the selt and sprace isa;
‘ v zoriom. . For instance, trans- [Pt (Nﬁa)g Clg] hags lover ra-
diation~chemical stability, than that of the cig-isomer, As
it is cbvious frem the Fig. 5 and Fig. 6, the degree of dso-

pﬁbﬂ P ib cozpositica of the commlex srlts reamrins unchanged -at the
P W‘ Gﬂ ?lgh integral irrndiatica dozss. In these conditicns the pro-
a&
:LéX €ocs of ra-oxidetion of free metslic pleatinum by qtomic

Uﬁxﬁl - ' ehleorins brought abau% rith Padiation—chemicnl dacompoai—

L - tiea of the cemmounds conceraed has nppareatly a. eiwnificnnt
k\g;;j) . berte R o _.. o
doro B | M‘l

. ‘&S f§»~?r : - Ihe initiad yields of Trée mesolie platipum
N:y ! ) : 3:_ ah irradla%i@n.df complax ecrnoupds
'c@md o Initial G (¥2), aten/100 ev.
[m:. T 05018
(Hﬂ sz [PtCl T . -0.143
(N, )g [Ptcls—_] R L -7 0,090
(e (NHg), | 01 o 7. o.0a7
— - |t (mm 3)g c19']-eis o S 0.036
l [Pt (m,,) 012]—traua | 0.338
.
xPﬂgb G.-JA' o A.Proskurnin et al. have investignted the offoct
Fis. 6°\,. of B’-paaiaéioh o CooC on solid ﬁamo;?g%dkcmg 80-82
83

a0 voll ac oa crystalline hydrates ef nitrate snlts ,Lf
paper 83 is of a certain Intecrect describing tho effect of
dsce rato of -padiation of CoP0 in the region of 0.2.1016

“
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to 6.1.1016 ov/ml. see. on the radiolyois product yiclds of

coveral cryetalline hydepates of nitrate salts. I% hao baon
proved that » minirum on the curve exprecoing the depordonce
o G (Ho;) upcn dose pate 48 a charastoristic featupe for
all erystallinme hydratos examined, the positica of the mime
imam being doterrined hy nét&yé-mf tke cation. Tae cryofal-
line hydratoo aro more comsible te the actien of X;radia-
tlen tham tho ecrrocpoading vnhydrous salto.
V.V.BolGyrov ot aio &8s kave concidored the effsct

of proliminory irrediaticn on the pate of thepmal doeornogie
ticn o silvop @zaiate_e@aﬁaminateﬂ vith eadoiva, The prolie-
minery irradistica with }F—raya e? co°0 brince eboent ar ip-
tencive accoleration of the cubooquent therral deecmnositicn
of puro cilvop oxnlago. Thormal Geeecnositica of tho salt
ecataining trecos of eadmium is acaalepatcd, oo, bet in a
considerably cmaller dogrec. On an cpinlen of the anthors
tho pheﬁ@:snem 1o eanccd by tho Pormation in ths PPQOOREe of
cadrizm in crystal lattice edditicnsl nurder of eaticn vacan~

elea, vhich eam trap pocitive holes er argentum eaticas from
interatitinlasiog.

4. Badintien ehcristery of exganie corponmdn

The peactions of m?ganic cemuouada induced by ioanilzing

»adiatica are objects of reaearch nork cf a pumbey of soviot

investigators. The verks are carrying om in seversl directions.

85-92

A.V,Topehiov and L.S.Polak ﬁith collaborators are

caPrying cut tho aystematic investigation of the effects of
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X' -godiatice @ €0 ard op fagt ellectron boam ca hydre-
eaéb@as in gaoooms, 1iguid ard colid pkasges. Baced on expore
lﬁﬂmﬁai data the fellocuing pocsible types of 1n1t131 radlc-
dyclo roactien of percal alkanae have been suggestod in thelr

POPEPG.
R & H
VANE - a/ Bn + Rm
\{_ RH + o-—> RH <
AANL '\;J ' \Hz & Cnﬂzn
. ' Eﬂe & C"H2h'2

Brecfeatica of ESR-gpoctra of ipradiated at 77° X im
frooon otato n-hoptans indicatod the escurence of free allkyl

radicals and also of H-atcms but in a eraller neEHer, It has

. boom provod thot thoos redicals esn be kept at leo temperature

over a long peried of timo.

it kas beoa found by the suthors manticmed above as
voll ao by fezeirn authorz that the total yield of the radic-
lysis preducts of hydrecarbonss st room temperature is abousg
10 moloceles/100 o.Ve, the predeminant process being dshydro-
genatica. e examination of the padiolysis of m~-heptare is
the oot dotalled. Af irrsdiation of e~heptane in ordinapy coa~;
diticnn the gaceous radiolysis products contain about 80 %

- ¢f hydrogem. The rost of 20 % includes saturated and unoatur-

ated hydrocarbens,
' In tho cerics of coviet investigations in radiation
chemiotry of hydrocerbons those of radimtica thermal eracke-

ing of hydrocarbons are of a significant interest 90-92, It

bao boon found that at sirultamsceus acticn of radiaticn and

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8
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hc:a% the chain pPcactlic: of cractkipy coears, initiaticn ef
_ ‘é...e roactica beling eauvcod by mﬁiaticm, wmile propagatica of
i | ‘ | 0 rcactica boling raintained oa accwmt of -heat energy. Fow
imotemeo, Qo o2 ean oee in Fige 7, irradiaticn of m~heoptane

_ ad elcvntcd torperatures leads to thoe sharp imcrensing cci’

@ gﬂelﬁc g hydresarben predecto o@ radilolysis, HMHorsovor, amgag
m’f tho predueto of rsdisclyois en incrosse in uncaturated hydroeap-
Rb bens conatont ic moted (F.ig. 8)s 022 can suppcoo that the radio=
- C[Cé' - %ica thormal evcehing ¢f hydresarbems chould be m percpestive
' . mothced 0o Pogerds to voos of mpclear padiation in the pracitico
_ PRPPLO0, |
Ploe 7o Another branch of radiaticmn chomistry of organie ecozpourds :
Pﬁge B¢ Gmalcyeﬂ by the coviet ceilcntiots is ogtedy of rediation ime
Y - deepod Qﬁdaafic:e precceoos im orgrnic gyetens. N.A.Bakh uith

| ca]lab@:?o% E_?o careying ¢a o ost cathedieal rosearch
in "eifzic teplic, unilor utilizotion af diveroo types of radige.
ticn1 E-rays, K—mﬁiation e CQGO, fast electrons, mixed

4 ' roflatica of @ 'E’.'C"‘l@&? roaetor. Authoro rsnticned abovjago o

' fivot te bave fomd *>"°% that wndor irrediatica of liquid |
hydrcearbono (Dep%amp icocetane, Bornscne, cyeclohoxsmne, oOte. )
coturated Uith oxygen the oxidation of the hydrcoarbens at |
Pec teCpere ture -eecm’a genrsrating poroxides, earboayl com-

J ' pourdc, elechmla? acldc, ete., the formation those caxpourdo
teing mﬁ::alﬁamama right from ct%art of irradimtiocn. In tho
ance of hydrceardbens ir crdinary conditione the roaction of
coyrdation 1o mot chalnm reoacticn. Rthyl slechol and sceten,
oologulen ef uhich geomterin more movable ﬁt.oma ef hydrogon

ore oexidined ¢n the chein mzekenism with short chaln. The
Approved For Release 2009/08/27 : CIA-RDPS80T00246A011800110001-8
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- fo Tulng echems suggssted by N.A.Bokh, for explamatica of
godlatics indueed oxidation is based en the suppositioa that
poroxids pedierls can be formad by addition of oxygon molec-
ales to tho free kKydrocarbon radicalé, The sirultaneous forra-
tﬂoﬁ ef the radlolysis prcducts 1s caused by occurence of
8c22 par2allol recctions of the peroxide rrdicals of cme type
cr by simultancous fermation of the various peroxide radicals:

— [ﬁ.q» '03"-'-'R69
Bl BH — ROOH + R
7

24
R - g s R??¢ —R¢ . O‘R,ﬁ,R"-g'-R” + ORYY?
00 OR '

- BB, + R! — Roowr’

. Biradienal é', vhich ean slso arise under irradiastion of

hydpccarben, interacting vith oxygen gives a molecule of aclds

= - 0 - 0 .0 | 0
" . . I I
Re Op—>R = ? —+= R~ C—0—>=R ~ C - OH
B H

| ' Oxydation of mathame by oxygen at roocm temperature under

action of fact electron boam has furthermore besn studied Yy

: 100102
\ Boll.llikhallov et al. o They have not observed any

usf@uf- \  chale peaction of oxidatien, too:—l

——— , HoAsBakh as well ae M,I.Proskurnin are carrying ocut ine

<t

J vectigations of prdiation induced oxidation of organic cem-
. pounds 1n aqueous solutions. In this case oxidation is msin-

ly caused by interaction of rFadiolyels producta of solvent
J uith dissolved substanceo. Hemce the oxldation cmn here take

: plada even in abesence of molecular oxygen.

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8
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BoA.Prookurnin ot ai. 103-104 have conducted a delallicd

exsminaticn of padiatica chemicel ozidaticn of benscme iato
phonol iw aquocas solutica. ‘Bacy hove cbosrved an intorcating
phonc=oncas the yiold of phomel in prosence of Fb°°gicno el
insroece 3 tic30 ao agaiﬁﬁ the crdimary yicld and sroants 6
'Eoleealeo/ino e7. It hao boonm alse examined Paﬂiat&@niimﬁncoﬁ
exidatica of eblcrbonscne 1n aguocus ooluticas 105. It kas
bcea-pfaécﬂ hyﬁ@@lyﬁ&m o chlorbongens plays an important
part in the rodiolycis. '

H.ABakh ot ale 00 have invoatigated oxidatica of ethyl
acd dccpropyl other in‘aqmeoms colutiong unfor mcticn of -
Z~reyo and féa%'oleetrﬁa tean, Iu the preconco of oxygen thoe
prcoooe of thelr onideticn prececd by chainm mochanich, Pree-
Sucto Gf the rcacticn im both $Uo erseo are peromides (the
7icld 40 absad £0 rolosulos/100 e.v. ), earbenyl eopoundc

. (o yiold Lo cboud 25 colcewlos/I00 ©.vV. ), alcchols amf aclds.

A% bigd tccpopaturco, a0 1¢ hao beoon choetn By HelleEmn~
aol %% opa DoA.Froctmrnin ot al. 2022 % choin oxidatica -
@ Lydreoarbeoo tndor ccticn of radiatica takes pleco. Fow
inotorsa, £t hao boon cocopved (hat mm&or acticn of a'-?adia-"
tien paraffin in (0o procovngo of oxigon ie effcotively oxzi-
aised at 127-130° ¢ éﬁving ottty acido. The presooo ¢f oxi-
@aticn preaced by the dogonoratcd chaln-branching mechanism.

Rocontly V.A.Bakh and Tanz Tvan'-chohean’ ?10 have oname
iucd tho torporature dopendonce of redistion~chomical GxiGoe-
tien of p-heptane ard B-RORILT, For Loth hydrccarbonae studicd

tuera are $U0 rogions of teoporature ﬁapenﬂence of tho yield

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8
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yields ard irdopendenso €3 £0CDOPALTRO ara cbgorved. At tom-
poPattos abeve 70° the yicld cf rodiolyeic products oharply

-

( ¢? cxidatieon produato. At t00 tormopaturs boles 70° € comll
|
|

| irercaceo uith Rcoperaturc, roaching in the cage of poroxides
% the valvz ef 30-40 wolceuwles/i0D e.v. Imr the creos ef radise |
a J a tica irduccd exidaticn of n-alkomen as it has boen chowm in
1 the popcer contionsd, intorforcnce ef chain and ordimary Posc-
| tlca cochenien 18 a Gistinctive fonturc. Tho fempepataro, at

!
| uhieh the chain roaction npe initinted, ic dependent ¢ matere

|

‘.E of irradieted ccomheand,

- A muher of sovie$ eclonticts are studying the effoets
of icmising redirtioca ca minturc of crgamie compourds. Tho
verk of Eh.S8.Bepdacerien vith eollabar. 111-113 10 of a com-
pidoreble theerotiesl intercst. Examining ¥ -radiatica in~
dueed dcsompositicz of boarcyl poroxides is various solvontn
the authero ronticood sbove have fourd that im bemzenc colue
ticas offective ¢ransfor of oxeitmtien cnergy frexn Donzono

- “meleeulos to poroxido msleculos eceurs, imcreasing in a alg-
nifieant Gegrec éﬁe rediation ehcoieal yiold of its decay.
o —r [%09 reactica atudleé oxeitation enorgy tramafer 15 &doopved
if pslesulos of both the cemotituents of the soluticea haveo
arcaatic groups. For examplo; in cyclchoxane ard ethyl acet-
atc soluticas the omergy trancfer from aoluont@dqga not ¢o-

cur, ard a choim reacticn of doce=pasition of peroxido is ;

inérced by padicals Lformod undeop irradiatien of solvsentis.
Hezovor eny cimple correlatica betueon structurs of molew

' cnlea amf i3 ebility to accept the excitation erorry deos

" Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8
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oneitatiocn omergy, although itc meleeulos contain tuwo phonyl

- 113
N| ’Th act exict « Por ezniDle, anopensens doon nod eeaopt the
| .
! ringo cenjugated with deuble bond, Se—e ccpounde being ace
| tive eceeptera of the onergy aro moegligibly cmpable oF unca-
poblc at all ¢o ugo the crorgy ‘fer chemdesl trancformatich.

0
FPar imctarce, cueh n cc:gﬁhd is phenylazotripheonyl m2thane,

L.

r cﬁiah.dcaa rot disceciato cn radlenlo, urder action of oxei-

'L taticn crergy seecptcd in opite of the faet that this FPoae-

: . gden czears cacily urder tho action of hoat,.

' In the rocont papor o e S.Bagdasarlan et al. 114 exg~
mipaticn of padlolycic of diluted benzone soluticne ef orgenie
diculphidos eentaining aromatic aerd gliphatie substitecnts

hao been doceribed. Puo te the rediatica emergy tranofer ;
é £ren tho celvcat o the discolved compound, the yields of ‘
| dseccpeslision of diculphidos have boen fousd %o be cufficiont< |
1y coero hich thon tho ylield belng erpoected in the eace Uhea.
all eccunt ef oRecgy aboorbed by them would be cport corplow
ﬁoly‘fce thelir docompositica. The encrpy tranafer efficiency
kno boon feund in the verk refered to be deperdent em ¢ho
naturo of tho diomlphido, Thuns, diphonyldiculphido and di-
bonoyldiculphideo are approxirately ideontical onergy asescp-

toro, uiile eecopting capacity of dibemzayldisulphide io ﬁnlf

‘~ of that of the formarc. Aliphatic disulphides (diethyldicul-

- \ ﬁbﬂ&épéioeeyldﬁculphlde) zanifect more low decompesiticm

| vieldg thern thooo ef arematie dlisulphides, due to the coo~
“~—. . piéorably coaller imtermelecular emergy teancfer efficiency.
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A muhor of pane?s kRovo beon pabliched by savieﬁ au -
oo, doaling vith rediaticz-chcuical halogonaticn, anidaticn,
ctes P.Vozimalov et ol. >” heve ozamimod cffosta ef | -radie-
tica e2 c@§0 en ghlerinaticn roneticn of bomcono im tho tom= -
poratero poglca £ren -£0 to +40° €. The pediaticn ehcmieal
chlcripaticn ¢f konoon2 bog ﬁéca fcund ¢o proccod vith tho

gicld ef 420000 mrloeales/R80 e.v., the rosuliting ratorial

bavinglovatcd coatent of higwtenieel Yr-xsazsr of hoxa-
shlcoeyelehonerns in cerparioea vith inductrial preduct ob-

taicod Ty rhoteshcoaienl mothed.
Too effoets of lcalszing rediaticn on mizdures ¢f bonzems -

~or—omin, bomzone-~carbon totrschlerido, and bonsonc-gcarbon

totrochleride uith ecmpeurds ecntaim&%’fiueylna have boeom
116-118

eneninct by A.ld.2imdn uvith eocllaber,. - In tio mixturo

of benaneno and eo—cnia under Yr ~ivpodinticn eniline vith

a c—all ylold ic forcod. In the cage of the benceno-asarbea
totrachlerideo cyglten forraticn of m@meahla@ebomzot;;éhlﬂﬁide
hoo booa ebcorved (parellol with gexs othop Pad&@l&ﬂic.pP@-
greto)e In tho mizturea ef CCl, uith inorganioc fleveridos

ard ¢f bonsere vith cimploot flmsrearbens fLluczieaticn ef
0014 enf ¢f bcaccze Sakoo placo.
P.V.Pohamtepanian ot 319119 have studicd ehlorinztica
¢ oilicca~coganie Congroro endl pelymsre under effects of
1; -pofiinticn. In another papor of tho awthors conticned 120
paddaticn chemieal emlphcahleﬁimatimn and sulphcoxidatien

¢? paraffinc as well ac seT? polymors are described.

" Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8
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Roscarchos o3 verking vp of padiaticn-chomieal wotheds
cf crpanie oyntheosic sre earpying cat im this eormbry.
K.A.Kechoshliov et al. 12 have proposcd the radiadlon-cho-
micel mothed ef preparatisn ¢f tin-oPgnaic cempounds. Vol.
gpitayn et al. 122 have.uerked cat rrdiation chemical aym—
thesis of butyl otkor of phocpheniiryl cehlozido. Tho pome-
tienm prosecds with . a gocd yleld urnder actién of faot eloe-
trom boom en colutien of phospheniteryl chloride inm ne-Budyl
alechol.

Radiatiem~chclenl trancferrmticas in Gyoe apd oubotawm~
eoo of dbicchomieal intcrost are alsoe toing studied by ooviet
eh@min%ooKéfv.vogecemimohy 123 kao examined the gymtheois
and tpamoformaticns of louce-compeundo of the dyos amder

0

agtica ° K”—?a&iatlam cf C&s 20 well ag tho effegeto of

T; -radlatica oa yntkooic of indopheorol » In s nuDep
128-128 ‘
of ooviot papsrs the radiolysis of msthyleone bluo

129
i3 oguoons oclutien ic described. l.A.Proshurnin et al.
oxsAncd radiolytic deocoloraticn of indigo carmine soluticao.
A lopre mwsDor of imvectipgaticns deals uvith tho effoets of

ionising padiaticn on oubstances of biclogleal intorocd, 1.0.
130 ‘ 132

. 1
protoins o emimcacids 13 o ervbehydrateos » anlimm}

£ato 1339 ote. Brdiclycis of protoporphyrim has Boon ensmip-

cd by I.V.Vercochinohy 134«

6. Radieticn polymerization
" Rediaticen polymsrization, at precond, ranks ratker high

arcny the preblecs to be solved feor the uses of ianisin%_
pediaticn in ¢ho praetico. This is ecalled forth by the fasd
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t2at in the majerity of eamcoo thoe radiation indeced polyrari-
saticn ao 4¢ has besn chewm in a aurdopr of papors including

135 -
p PPOCcocds by & chaim cachabe-

écmn poapers ¢f soviet auvthers
ico, %he.prcﬁaca being iritiated by free radlcalg aricing
ander irpadisticen of the ronesor,.

Resocarckos in pediation pély&zyizatioa are carricd eat

in meny countrios, In tho USSR the work im this f£islid roalize

eeefm 156, 13% < 139-142.
NAY 8.8.Usvedev  ~  , KheS.Bagdasardsm o0 12% A p.Abkia .
‘ 143
N/ BoL.Tcetlin ard otkor soviet inveosotigntors.

forag the reeent iovectigations on this tople that ef
BoLoTcotlin, V.A.80Pgeav, SoR.Rafikov, V.V.Korohak, P.Ya.
| Glacnrev and L.D.Babis 142, sancorning rrdintion chemienl
pelyrariseticn of rothyl-motheerylate, is of a concidorable
\ the@?oﬁicaﬂéad practieal interect. In the procecco of airp
 the othyl mothaerylaeto has beon found not $0 be polyrorized
nodop netlien of fenicing padliation. Hovover, cpontesrzeas poly-
copicoticn ef ¢thoe irprdiated material precceds at rocm and |

leczer tooperstiore o the high degrog of the coaversoicn, riter . |

1
i

tho aceccs to the matepial of the arbient air hag been BLOD- |
pcd. Imvestipgaticacs of the polymerization kinetiles of irra- j
diaticn arnd gt varicas tcopepratures, irndleated that, in the
£i950 degree of eppreoxication, the precess by 14s character

{0 dd4sngieal o p@xycorization proeecs of peroxide typs ard
arnothcp typeé e? padicel polymorpigzaticn, Ca cplnica of the
authers of tho paper eited, tho polymaerisaticn prosecs 1o
infitintod by profucts of radintiea chemieal oxidntica of

‘rathyl motheepylato (probadbly peroxides fore=zd by intoroc-
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tlen of pricory free radicalc vith oxygen). Being high active
thoce productis creante poosibility the lovu-temperature polymoe
. - pizaticn to be executed, The feature of interest is the fact
the curves reprecenting polymerization kinetica sre in this =
cane core asngoth in comparison qith those in ¢the cass of poly- |
rarizatica by heazcyl peroxido. The “gol-effect” in the pro-
ea0ces doceribed talko pleee them o cenciderably wore high do-
rea of amvox?oim ic cehieved ord the ratio of the waxinen
Ecaetﬁen pao in the colf-aneceoloration otape to the initinl
gﬁa%o Qﬁ of collior valuo. Too eurvos reopresonting ¢the dopome

W
W Jpﬂ 1) '¢f rotle ¢f polyrorisatica rate in a givon ma—aat o

A,'¢U ‘@A J¢$ no indtinl pato vmea polative duration of $ho Procoss are
\ e E.\hm in Pig. 9.
m&, N C@" (\)* Recontly o papor of S.8.Fodvedov, A.D.ibkim vith eol-
. ‘?ﬂi \ cmh us abeut polyczrizaticn ef ethlone undor zr-rsd&aelwm !
V ¢ 0};35:? 6 uoo pudliched. Ia this works tho rate of raddatica
psﬁynseigaﬁicn of othylens im soluticn ard in gagecuc ghaoo
pQ umﬂo” varieno proooures (eemecntrations), as vell ss sed
f;ﬁgﬁ‘pveﬂcrtioo ¢f polyroro formcd have beon exasmincd. At @ proce
éK guro B0 atm., terdcratere 26°C and dece rate 98 reomtzon/cee
polycoricatica of othylene ia hepiane, cyelchexane, mathyl
alechol ard acoten procecdo with & rate 10 tirss eoxeeeding
tho rato of tho polymsrizatica in gaceous phese at the camd
. . meacweaﬁm earbor totrachleride totrachloralkanes with
. poricus colocular woight are formcd. At ¢he initial ctagos
the process proececds vith aceolopaticn, further the rate of tho

prescoo bodrg eonctand, Tao rate of tho process is proporticnal
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T to irrr@iatica doCc rote in the pouer 0.3, while the radistiea
™
N yiold in %ﬁé?ﬁ@lﬁ preportionsl o thoe doze Pate in the pouer

B.7s Tho roculsing polycthylens posceesces highor density

(0s845<0,976 g/e=®) and crystallinity than the high prosowre ©  ~
! - polyecthvicnos Tomoile ctrengh of the polybithylene prepared

vy ‘rediaticn-chcical rathed differs 11ttle from that of tho

hirh precoure pelyothyleng.

138 :
.8, Bapdacorion, V.V.Veevedally et 21, have car-

J Pled out invostigatica ¢f groft-polyrmarization vith Hreeddcls
i S U e SN S o S e ot p e iy 2} irpadiated

toflons Por elrcidatica of wechenien of the proressc e msthod

ef eleetron rpin rescnence has boen exployed.
‘ 144

Mo, Ucmrney, U.N.Musacv, R.3.Tillaov have inves~

tiratod tho radiatica chemical wmathod of preparaticn graft
ecpolyrors in the cysioms polysiyrone-acrylnitryl and per-
ehlervinyl-acrylnitryl. It has baea.ohoérved in the cags af -
polyatyrers ard acrylmiteryl thaﬁ the reaction preseeds 1 &
polystyrone £ilm swollen in acryinitryl undor radiatica uvp
v e—— to deoa 10106-4,106 reontgon. Proparaticn ef grafi ecpoly-

J rars en ho dasic of perchlervinyl and acrylnitryl vas go=-
corplicked by irpadiation of a perchlorvinyl film (in pro-
gonse of alr) uith ths ccacequeni troatmsnt with acrflnitryl.

) ' Ao 1% Eas boon meatiencd, radiation polyrsrization in
tha £o5d of encoo preocccés by a free padieal wachaniam.
Heoaover, rocontly 1t has boen ecotabliched that under certaln
cozfiticns (ﬁﬁg?“;é lou terperature) polymorizatien urder
neticn of icaizing radiatica can aloo proceed by earFbonium-

139, 141 |

- -7 alen ochomicm. Tavs A.D.Abkim et ol. have domons-
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e trated this fact By copolycsrization in tho systemsg: iscbutyle ;
\/ ‘ ené—vinylidene chloride, styrene-meothyl msthacrylate, laocbube

NV B ylenc-styrene. Recently 1€0,-141

the feéulta irdicotive of poc-
eibility for the renction to preoceed by a ca?b-aaioa mache
anisn have been obtained. Acryluniteyl, vhich molecules cen~
tain An electronegative group, 1s polymorizsd undor action
of F—!‘ﬂdiﬂtiﬁn of Co°C in oolvents containing nucleefilie
cubstituents (RB.g. tricthylamine or dimsthylformamids) bug
is not polymsrised in the celvenis contalninsg eleetrofilic
greap (eogs ethyl chiosride)s On the other hand, in ethyl chle-
ride osyrens i pclymsrized.{%? the table 2 tho datn obtaincd
by A.D.fbkin and eollabor. sre ropresented ccacerning pa&ym991-i
_T— zatlica of acrylnitryl im a verious solvente at temperature

-78° ¢ under effecto of Y -redtaticns

Table 2
..... ) _ ’
\ Wy 107}/ Ccacontration  Polymsrization rate (BOL/L +10° )
K . ef monomor, : in:
G ! HMonamay nol/1 . —

N| othyl dymathyl triothyl- in

v chloride formmide amine blosk |
Styrene 2,0 - 1.95 no polymerization
Acryl- 3.8 no poly-
nitryl merization 0,27 0.6% 0.21

If copolymerication of acrylnitryl ard styrene in dimst-
hylforramia solution ia carried out at -78° C, the resulting

o ecpolyrsrs have found by authors mentioned, to be highly en-
\ Piched by niteyl ccxpoaent in comparisom with the criginsl

| nixtupe, All theeo data are indieative of peceibility to

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8



Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8

\‘l

v - b

Approved For Release 2009/08/27 : CIA-RDP80T00246A011800110001-8

\
|
|

J

. rooldco ¢80 eorurziea moodenden ¢f polycoricatica by tho actien

o Malitul mm:) WoEo»}iﬁC&’B o -»10( hove d@mgg}:’ﬂ%@ﬂ the

a‘ﬂtb 20ilab, ecaceorning, wainly, ekhange of thormo-

‘taro ef” podycor chaim. Tho polycers, inm Uaiéh undor actien

of dendsing poflaticno,
| Iovostinntica of coileyont ¢f 4ealsimg redintien feor
rreparaticn ef dncrponle polymors are bom by sevicet coclope
145
petontial peacidility of polyr-eination of pheopheaitryl -, - -
chlezido wnfor olcstren rodinficn, IS 4o of imtoroot tHhat in

this eaco poAyrorhzadica pre2ooda ealy in preccoee ef OEY 3R

60_Ftﬁgﬁﬁﬂ*ﬂﬁwiﬁﬁiﬂiﬁﬂLﬁrdﬁaﬁlﬁ“ O _polTarn

In the U3 firvot cyotcratie iavestipaticons ef offceto cf

?’*ﬂiai’;ﬂe::a €2 poly—or rotorlals vero Gerricd ¢at by V.A.Kargim
)TN T ES)

b

~achanicel prepcrldios ¢ irrodinted catorlaloc. A% procént
icwvosticoticao in ¢hic Plold are boin earplcd cut bty a luﬁenv i
T coviot celontiots, (8.9.Mcdvedev, BokoEarpov, ?m.sohac@m,
BoloTcOtRn, HoA.Sleveithotova, faBo Taubman),

VeLoRazpov ot ale o027 ganateq offoet ¢ radintion
€2 vericus pelycop cadotamcon s They empleyed radiatica of |
AlfPercat kinds fwcleding of - epd ﬁ-vadﬁ.atim of padea |
cod predects ef 4¢o dlointograticn, E"-Padiatzm of Co 60
faot olcztren boaco, tdned irrediantien ef naclorr roretor.
It too feund that all pelymors eam be eubdivided ingo twe
priccipal grounoc. e pelyrore of the Piret group are chepao-
tericcd by prededpopzo of éoctructicn PPCTE0890, 4.0, PUp=

pelycoro had boon bege;m ty V.L.Karpov ia 194%.

O Rocoarehao im tho fiold of rediation ckonictry of
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af‘éeﬁia%ﬁaa presooe of eredc~linking predoninanton, i.0. fope

c:cﬁca @f chriead beﬁﬁs botucen caerczslecules, coastitute

tho cosend PCDe - -
636 cvclutica f polymsrs vofdor irpmndisties vas stadicd

- 150, 152
g WOLQKH.?BW et a3, ?

onfd 5co ecnelnsicag scacorning
cachanien ¢f Podiatlen echomieal Peactiez in polyraro vore
€clescls. In tho erco ef ereae-l&aﬁimg polyresro (ho major pard
P pas covolved ﬁc'myﬁaogeao[?pmo fer inotapco, teder irpadige
5den o2 @c&yo%@ylcmo o gao ovelved ecntains ©3,8 % ef byére- |
£ M0 e o eenfircatien of e cugooticn that the ’
ercoc=2Aintting prezoss pacsoen Wrengh intercodiete otape e
feoratica froo rpedlieols by rupture of C-8 bends, Dostruedicn

c? polymoro Ao cdcorved in all ¢he eacos whon the cain chain
C2 cnoremslecale ecndaing gaatornary eorber atormn. Undesn ';
irpedintlen @ cuch polymorc the ovelving gas 10 irpovorichcd
in Fydreson ard containo ecnoidorablo azﬁzaﬁ of cempounds
pocalting fran dotaching of cife growps at quatormary earben
atcy, | :
In tbe&é ioveatimtieno ?ohoﬁaep@v ard H°A°31avekam:23;15ﬁ
crpicyed uldaly cpoetool rotheds, By thic tochalque it bao i

‘Beon fourd im the esce of polyothylone that irradiatien ro-

oulgs in grederal dicoppoapnnze of vinylideone dcuble bozmdg,
ﬁh@&h wero precent in the erigiral caterial in a 1i8tle argunt,
end formatica of mou dovble bends ef & trans-vinyl typo '
(coinly ecnfugatod). Poveatien of the Goublo bozds is alce
cb;ovvcﬁ dn tho enco ef dootrueting pe&ymsrs.[éy polyicsiniyle

l,e’m fercatica ef doible bonds prescods in all prebability,
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7 ¢ho follcuing cachehicn, By Heaten abotrasticon £Ped cecoR-
dnry carber ngen o palical of the follcuing typs aricos’

- - CRB
T ?ﬁs 8

Posgncs ¢f obterie hinforse thio padienl crunet fora

srooo~-1ink, exd widcegoos furtlor &aet;’uc%ic:as

q X
II' | _(fl‘ls / %s o B
l h

!

i /

‘ GH cn

; 124 L B

1 Be CoCl =0 = ‘

| I < S ?ES | B o

i‘ % 5 B- © =CE = C{ + CHg
' ' \ oH

| o oy

Noe—Anatich of inlra-rcd i:pcé%sa has Lolpcd to diseover
ho pooniioritico af intoractica ef irpadiatica polyraro vith

oygen €f ho alpe. Thic proscsos hno boem fornd to bring about
! Perratica of exi-groupc in the polyrsr. Another phonamiacn ef
' | 150,162,156
, : aptoront cdcapved by Vol.Karpew et Ale ia dentroy-
- in of eriotallinity im polymers vadop offecto of Y-mdm—
tica &7 ceeﬂ er £act olectrens. Those PPececces UOFS cdcorved |
4n tha eacoo ef polyethylond, gusteporcha, co-polymow ef vingl
chierido erd vimylidoms chlerifo, polytetrpaflucrethyleno and
cem ethor eryotalline polymdrGe 157
T olaR2rpove Lo fAoBlumomfold ot ale. o by esans of

!
|
-
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rracurcornto of infre-rod ocpectPa, abacrption -opoetra ard
elcotren ooin eoaana&éo spoetra of irradiatcd polyvinylehlorido
‘ N bave provcd that the prafound changes choorvod in this ﬁates-
4pl urdor cleetron irpadiaticn ccucist cbiefly ia splitting
. of? ngdrégon chlorido ond Pormation of double bond. Oa cpinica
_ c? the authorg, frco redicolo are’ Posponcidle for chamge of
S . eolour in polyvinylehlepide undor offccto of rediaticn. Thoir
g 1 aveilabllity 4in tbo irpcdicted polymor has boom provod by elee- |

¢rea opla roccnarco wothed, tholir ecccontratica beimg dosroaced
vith tirs progroocici. This Gosveacing io csuccd by roecdipa-
i glem of the rodicalc im ovacundcd polymor emd by imteracticn

o? tho pedicals Tifth oxygon, recelting im fermalica of poroxido
v" ; rodicels if ezycon 4o avalleblo,

188,309
The paporc cf fR.D.Toubman of al. ©

deal vith pre-
Dlecs f clueicating poeuliaritico of padlatica Gootrustion
af‘pe&yasgc; oy bave oremincd tho effeets ¢f oleetrea radice
tics and hich tcoworaturc o doolvuetica of polytotrafluere- .
thylene, polymsthylmatacrylate and polyothylone. ke aathoro
bave c¢biaincd oharp ehanie in patce of mao cvolutica under
| tprrdiaticn in rarrcy Sornopature reglea vhore calting
(cefsoning) of polymsrs io edoorvels '
Tho preaczona ¢f eroscelinkting in polyroro are in focus

- | af attontica ef ocoviet ehcnicto cimse due to this precess

o oot ¢f polymoro éeqn&ye the valueble prepartios. Tho
, ‘.Encmaniem of crooc~linlting in pelyothyleme koo beon ozamimcd
J by S.8.M28vcdov et al. 1699151. The temperatuore dopendence

lan'y eyoscpl inking in this matsrial 1mnlies the crose-linking
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bolng reculicd by cicultanccus dotachoont ¢f Suo hydrogen atend
in g Biaglé primary ecl frem tUO adjaecnt cacroncleoculess
givovov60vcﬁmky et al. 162 have oxesincd by poomns of,
Eﬂa-cstncﬁ tho Popcatien of froc radicals im {rradintod poly=-
othylorg. Radicels of two tiaﬂs (e allyl acd allyl types)
have beoon cpcorved im iﬂ?cd&a%@d n@iy@tnylonoa o otability
ef ¢thooe redieslo 1o aigPorent irnlyimg the éifforont pochaplics
ef thoip rcac:binatieﬁo Cn cpinica ef 8o anthers the regeDi- )
natica ef radleglo acec—intcd im ecurco cf irediatica rant
play an icperéond part in preeens € cregc-1intzing in poly-~
othyleno. ' 165
In Sho vesently publichod papoP c? 3osoﬁiﬂveﬂev et al.
tho éeﬁﬁl&slc:s e a cercideradlo ingoreot have boam dedesed
ecmsopning a protceticn cffeet rochanicn ef Deomzopo PiRgs E
ia rodiolyaln €2 polyciyrote. Polyotyzens 4c tmetm te Rave
a hics padiatica atabilﬂtys ipm ko eaco ¢f p@iyotﬁgleae fep-
cagdcn of o oingle crooe-1ipk reoquires 86 = 3B 8.Vep vhile
in tho eaco ef polysiyrenl D00 - 5000 @.V. APG ROLe83arye.
Pasing ca dmvootigaticns ef redielysis of soirono® labollcd
ﬁg contopicn tho authoero Ravd seneleded that the high radio-
tica otabllity of pdlyoﬁypeme i largoly caused by diopro-
p#r%icna&ﬂca peaedlon of pricary radieals uith e7elchonadienyl

° A% Tho rediolycis eF toluene the naﬂ&@ala fermgd havo ;
a cteuetupe ciniler toO that ¢f tho radicalo aricing in poly=-

c%y?enﬁ rrdep irredisiicon.
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trpo radiealo apicing in (te polymor wundor iopadicticns
~CHp - 08 = CHJY ~CHy = G - CILf.CH, ~CH - GligGily-'00 - oy
+ d - ) )
H N | L N

L]
Cycichomedionyl Ppicamy ord
pedieql - Padical ' énlcggggg

¥, 8.Laserkin and O.P,Ocakoy 15¢ have cxemirod eho podise
tica ercoc~linting af'p@lgdiﬂstkglaﬂiozaéoo io valsenizatos
roceEltdng dencostrate mooe bigd stocazth and rooictaroo te
fﬁcpgﬂﬂg tan ot edtaicsd by cenvonticaal mothedn, Badic=
e ahenieal e?cacfllrb'ag (voleontizatica) ef pogsinoe 40 on
N ©goet of pocoarch €€ A.S.Kumminchy, [EESYETT—" V,.L.Karpey
cel .8 Uikicine 818 peatatien volomnimtien cf @1eropont
POOAR0 hab Boon cotabliciod by o cutheso & cem bo & cothed
Loy pﬁﬁﬁar&%ﬁoﬁ'éf rebbors UAth nou valzedlo prepestios.
- SeA.Fovieva, S.R.RoPiLev, Bobifootlin 207 pave edtatecd
-'V oxﬁo?iﬁsqtallevﬂécaeo that the tuo coposito E@d@%&@jae 2000 &
rcaedich €7 érescslinkﬁmg amd thot ef dootreetien écébg acticn
C? pofilatica oo polyenmidos presced eimzltaéoeac&yo(?he ém@héﬁo i
istiv/e] 8CeCHliched eobincd lnvestimticns imeleding o . charso E
ef cochanlenl prepeorties, no Uoll ao tho pvopoé%ﬁas e tho oole-
Thcozy tho ebamo f roleenlarp Colght and coslceelar volpdt dice
- tributica feaction of ¥4 irradiatcd materinls By this moams -
27 Bove cuscecdod in dioSimmuiching ef ko ﬁwo.papmllal POOG= ;
' ticno of crooc-linking erd dobgpusticn. Bedevor, tho eﬁeéa-l
-lintine So & prcdedmond prescos ond valeanizatica ¢f poly=
€200 89 an fimal pocalt ef Arradiaticn 6f thic catorial.

e,

Eoocnt dovondisatlons of chapres in e proportion &2
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podyman fo—cdletoly o (0o ecoren of (Nolp irpzdiatien seoee

plAched By ooviod cofiontloto 70 ¢f o conoldoralle interoot.

A ¥ Bolaourlin of al°108 hovo onemined ¢he chango of cochanical
. preporticn €2 éifforont polycoro in §ho egurce ef ﬂyeaﬁia%iea ~

£ren noslonr pooster. Roversible rodiesticrerochonieal offesto

- have Booa eboorved to eppoar in tho ecurco of irrradinticn,
1.0, chorgo ¢f rochanlieni nrepcrtics eppoars in the timz e
irrediotica and @icoppcoro aftor irrediatica hoo boom staoprcds
Bovopciblo ehonsos An mro-porotrabililty of polyrore im thy
tirs ef Koiﬁyaéﬂa’cﬂm heve Doca ozemined by V.L.Karpev

159

ot ale o I% koo Boca femd thad thon the 0069 sgures af

‘(S’-Padﬂa?,ﬁlm ic put in or ezt ¢hv rate of mao diffucien

thecard the polycor wnlorgeoo a chapp chongo, Apprezching aftor B
irredicticn the criginsl valme, bag s54ll rezaining alightly
Dinhor hat o lattor.

| Yoo . Vorchavely, G.Ya.Vasoilioy, V.L.Karpov, Tu.B.Losurkin

i and KQ?QDFO%?GV_qu bhave gtudicd icotepo exchanne betwoon
doutorden goo ard AifPercnt 00lid polyroro 1am padiation £ield !
cf.a nrslooR rpoactcs ¢o examirs vhothor hydrogon Pren gncoecas
P20os can e AHlombed into polyror msloeales in ecovrge of )

| irrediation. Polycthylenc and polyrisipyleme heve bcoom proved ?

to trap the oot amcunt of hydrenon in ecrparioea uith ofhep

E polyrors orerdrcd, The rato &Ff icotope exchange iz moere olog

} in o caco of polydutadicnz cnd polyciyrens. The anthers hava
| OTooootcd Unt the introica of doutorlua s ecusod by poce-

| ®lca of polgmor padisalo erising snier irradiation aed
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dontoriem molecules:

B e Dy—>ED o D

B R D —> ﬁ & BB , azd co ca
Ycoo of Lootape exchanme techn&q@a in wido oceale will, undoub-
tedly, aocsist to unforotand move completoly ¢the racharism of

polym:@ rediolycis,

Yo Pndfaticn olormontary aetno andhnajtggg

ehnieal_wrescsonn

In 2ll ghorfonl tromoforraticns inm irpndisted matarisl
coeerdary cleectronn, icng, cneited moleenles erd free pPadice
alo (imelrdlng etens) aro imvolved. The S0cntificrticn of |
theoo predusts 4o of a oirnificant iroortance Por olesifae
ti¢a of coehondcn cf rediaticoechonical poancticns, Thio
peeblcn 4o nolved by cospc of mags spoetrerotry, oloctrea
cpin poselorso, 0%C. ' |

171

. VeL.Tol®reco opd Eo.L.Prankovien 7 emplaying mag

-Cpostrcotey tochniges %o imveotipgatien of predwmcts ferrcd

ueder clogtrea icmaets in ocmo cimple inorgenic and erganie
er=peunds in gnoeous phece, have fourd thaet the iom-ralcsuls
roacticao pleyins anlimpartamﬂ part in pricapy rediation-
-chefeal prececoon eem glve oxcited radieslot

it ¢ H —> 1 + ﬁ?

if o R'R*">(IR')* & (ﬁ")c
Thic phoneTonez beo boon observed in many processes in vapour
phaca&lnelaﬂimg By + B0 —~H0" & H; OH} 4 H0 >B,0° o CH
Cgfly o Hg®® —Hg0* o Cgly e%;l
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In anothor paper Veolo.Tal'recse 172 hao pointod cut thot
fercation of different type traps unfcor irradiatica {(ecpoeinl~
1y ia %@é eace of hydrccabenc) can play an icnortant part in
radintion chonlotry. Unécr irrndiatica ¢f caturatod hydre-
carbcas ean arico umsaturetod cemounds and free redieals
ioniratica potentialo of ulich aro leuer tham thoso of Bnelo-
e - eculos of erigimol oubotamso. Stuch ceroundsc aad Padicals <
_ can 08t as pe=ctd n-trapc. Incrozeling of ancuat of the trepo
'4n ecofionccf phece eronton tho cenditicns ohieh favewr ¢ho
priceipal elcocontary preccco eonsiotisg in recccdimation ef
“pluc-ripnn® palr ¢o be influonccd vith sn adjacemt free valcmso,
Gzo 2 tup pofledls oricing at the rescbination cun add to thls
........ Proe valonoo, o prokablility cf tho latter preeocc bolmg, pmﬁ:’f
¢ically, ogual %o tho unit im ¢tho eace of hydrceaorbea ayotcm. '
-1 [?? geoat intoreot ia'e:plmycsat ¢f pulcod irpadiatica
feor roosupenont pate ecnotants of lcn-~roleculse roactic.
Ce=Dining pulecd irpcdiadion eed moe opectreratry toehknigue

173
Y.L, Tol’roce end B.L.Pramkovich have deteroincd Pato

ecaotense for the follouing roacticnad
. 4
i ¢H, o CHg —>CH; o CHg
J B0 » g0 —>Hgd o O

At 570° K tho pago ccacteat ef tho formsr 10 equal to 110610"11

J v C:?/t:&.c@cop that ef-the latter io 3.5.10'10 cdﬁﬁmol.ceeo'

at 010° 2.
| goH.panitohy of ale > o278 nzo stedying dissceiaticn

cf rether large rolcoulos urGer elostron irpactis using maco

I
!
|
!
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cpectromatry technléme.,l Exeminatien ef mass cpostra of halesom-
: 174-178 :
| ated hydroearbons imdicatod thot vith inapoeging

halogene atcm quantity in the moloculo tho per comBt ef ESLOCe

ular lons in macs spoctra deeronces. e authers have aloe i

177
found T 70* that the moot cemplete agreoromt of caleumlateod

and oxporimontal date talte place uleon approximately oqusl

prebabllity of fragzont icn formatica frexn ovory part ef o3

‘\;' zle 1s cupposzed., Por inctante, in rr.:ma gpeetrum of apnmm—s-cmj
1ons ¢, ¢*% ¢’ . ama cgsc Y bavo boom ebcorved f

in socunts uhich are spproxirately equal to value ubich ©

be salculeted precocéing frem the ascmotica czatlicoed abevoe

Baged on amelyoic of maeo gpeetra tho aguthero havo prepeccd X
R
the foileuing cchomz ef lergo Coleculcoo diccesieticas

_ 0 172
Qai%ca Eeaemtly V.Lo'i‘al rese anﬂ BoL.Pranlevich haveo

carricd cui o carparative favostigeticn of imdnecd cloetrienl
confiuctivity emd bekavicur ¢f £roo pPrdical in ireadintod

colid paraffin. Thoy have moaesurcd ccnduetivity of paraffino .
irpadiatod st 77° K in the tice of "cmmealing”. In thig esce |

\ a sort of "flaring-up®™ of ecxfuctivity have besa dicecyorod !

(Fig. 10). Thio phenoronca appoars ac £ollevs. A3 torpeopature

Ly aiffering by sczms dozons degree frem the tocporature pogicn

R
A .ﬁ&ﬂpﬁ” ”J-

M Lﬂwh:? conductivity ic cboorved. A furthorp iwreaeﬁng of torpara~

«»‘“‘M‘ |

e °Gark” confuctivity take placo, a coasidersblo magndteds

JE .@é KA | B e o
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fllm

tare the eacédgotivi&y rcduoces to "dapk" co;zductivity. The tims-
-tmam%&%rﬂ.m@-mp" ig eoiécid__ent with the reglea
'mom Goeronoing of ESR-cignal ia c'bcewgad. Paced on tkege.
data tho ecaciusica has been dednoed(ﬁ' which formatioa of leas
in irrodiatod celid op liquid caterlal can prococd through
formation of free radiemls.

V.Vesvosicly et o 182, 180-108 pre carpying cut smvose
um'&:w:a ef podieanls appe:aring in pediolyscic o erganic and
}l;%p@nie watco uoleg slostrea cpinm pesonames toehniqua.

E‘E&o poratas permitiing the cdcorvation of ES-gpagtea 1&

the ecopos & irpefdiation with fact elecotrons has been CORC~ -

trusted Ty tho eathers 252 180, py Loone op this eppopratus
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